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Preface 
The work described in this report was performed by the Tracking and Data 
Acquisition organizations of the Jet Propulsion Laboratory, Air Force Eastern 
Test Range, and the Manned Space Flight Network and NASA Communications 
Network, both managed by the Goddard Space Flight Center. This volume, the 
third in a series documenting the Pioneer Project, covers the Tracking and Data 
System support for the Pioneer V I I I  mission from November 1967 -the start of 
the prelaunch phase (spacecraft arrival at Cape Kennedy, Florida)- through 
pass 171 on May 31, 1968. Some information is also included on planning activi- 
ties and Project background. 
Volumes I and I1 of this series presented similar information relative to the 
Pioneer VI and V I I  missions from prelaunch to the end of nominal mission. For 
those flights, nominal mission ended when the spacecraft telemetry data trans- 
mission via the Deep Space Network 85-ft.-diameter antenna stations exceeded 
a bit error rate of 1 in 100. However, in the case of Pioneer V I I I ,  continued 
improvements in the operational performance of the DSN continue to extend the 
so-called nominal mission as defined above; therefore, this report was arbitrarily 
cut off at May 1968. 
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Abstract 
The Pioneer VIII mission (outward trajectory and heliocentric orbit) employed 
seven scientific instruments to accumulate information relative to interplanetary 
high-energy particles, solar phenomena, and plasma. The spacecraft also served 
as a celestial mechanics experiment reference point, and carried aloft a “piggy- 
back  satellite, called the Test and Training Satellite, to be used for Apollo ground 
station crew training and mission simulation. The Tracking and Data System 
(comprising the Air Force Eastern Test Range, Deep Space Network, Manned 
Space Flight Network, and NASA Communications Network) tracked the space- 
craft from launch through the near-earth and deep space phases of the mission. 
For near-earth tracking, all Tracking and Data System facilities responded to 
mission, launch-vehicle, and range requirements. For deep space tracking, the 
Deep Space Network responded to tracking, telemetry, command, monitoring, 
simulation, and operations control requirements. 
xiii 
Tracking and Data System Support 
for the Pioneer Project 
Pioneer VI / / .  Prelaunch Through May 1968 
1. Introduction 
This document provides a record of the tracking and 
data acquisition (TDA) activities of the Air Force 
Eastern Test Range (AFETR), the Goddard Space Flight 
Center (GSFC), and the Deep Space Network (DSN) in 
support of the Pioneer Project. Included in this report 
are descriptions of the TDA requirements, details of 
mission preparation on the part of the participating 
agencies, a comprehensive account of tracking opera- 
tions, and a Tracking and Data System (TDS) perfor- 
mance evaluation summary. Brief descriptions of the 
TDS, the Spacecraft System, Launch Vehicle System, 
and mission objectives are also provided. 
A. Purpose 
The primary purpose of the Pioneer VZZI mission is to 
accumulate scientific information from deep space. The 
time required for the analysis of such data is consider- 
able. This is attributable to the fact that the gathered 
data encompass a variety of technical disciplines; 
moreover, the responsibility of preparing the analyses 
rests with the individual scient& experimenters having 
instruments aboard the spacecraft. 
Pioneer VIII was the third spacecraft launched in this 
Pioneer generation; hence, this report is the third de- 
scription of the TDS activities in the Project. To aid in 
understanding the information presented, the spacecraft, 
scientific instruments, and a portion of the related ground 
equipment are described in subsequent sections of this 
volume. 
A listing is provided of major events and their time 
of occurrence during the Pioneer VIIZ flight, from the 
review before shipment to Cape Kennedy through pass 
171. The test program and other activities are discussed 
in Section IV. In addition, the discussion of the review 
before shipment includes information pertaining to the 
test program conducted on the spacecraft and scientific 
instruments. 
The performance during the mission of various ele- 
ments of the Pioneer Project is discussed in Section V. 
Included is a description of the trajectory from launch 
and a discussion of the engineering performance of the 
spacecraft subsystems indicated by the telemetry data. 
The performance of the groups responsible for telemetry 
data retrieval and processing is also discussed. 
A TDS performance evaluation of the mission is sum- 
marized in Section VI. 
bjectives 
Scientific observations of the characteristics of magnetic 
fields, plasma, and high-energy particles in interplanetary 
space beyond the influence of the earth can provide a 
better understanding of the mechanism related to the 
propagation through space of solar disturbances, ter- 
restrial phenomena related to such disturbances, and the 
relationship between solar and galactic fields. These 
characteristics are influenced by solar phenomena, and 
vary both temporally and spatially. It is believed that, 
on a large time scale, they are influenced by the magni- 
tude of solar disturbances that vary periodically over an 
11-yr cycle. Because such disturbances are generally 
localized on the surface of the sun, and because the sun 
rotates, the spatial variation is surmised. 
The objectives of the Pioneer Project are to conduct 
the aforementioned scientific observations and to deter- 
mine the temporal and spatial variation of the inter- 
planetary phenomena. To implement these objectives, the 
plan called for five flights-Pioneer VZ was the first- 
to be launched at intervals of 8 to 12 mo so as to cover 
the period from near-minimum solar activity to maxi- 
mum solar activity. Spatial effects were to be determined 
by launching two spacecraft to move ahead of the earth 
with increasing time and three spacecraft to move behind 
the earth with increasing time. Pioneer VI is of the former 
category; Pioneers VZZ and VZZZ are of the latter. 
C. Pioneer Project Development 
The Pioneer Project began in the latter part of 1961 
when a number of discussions between NASA Headquar- 
ters and Ames Research Center (ARC) personnel about 
the scientific value and technical feasibility of the mis- 
sions culminated in the decision to have industry conduct 
a mission feasibility study. The study was concluded in 
April 1962 and became the basis of the technical in- 
formation presented in a briefing to the NASA associate 
administrator in June 1962. The Pioneer Project effort 
was approved on November 9, 1962. 
After a period of Project planning and specification 
preparation, industry was solicited for proposals per- 
taining to the spacecraft and related equipment on Jan- 
uary 29, 1963. The period of proposal evaluation, 
precontract discussions with industry, and explorations 
by NASA of the type of contract to be awarded ended 
in the selection of TRW, 1nc.-known at the time of 
selection as Space Technology Laboratories, Znc., a sub- 
sidiary of Thompson Ram0 Wooldridge, Znc.-as the 
contractor for the spacecraft and mission-dependent 
ground operational equipment. The selection date was 
June 7, 1963. A letter contract was signed on August 4, 
1963, and the contract was defined on July 30, 1964. The 
fixed-price-incentive contract was the first of that type 
awarded by NASA for the development of a spacecraft. 
The period of studies and Project definition, in which 
the planning and performance of predesign activities 
were accomplished, culminated with the first coordina- 
tion meeting on August 26 and 27, 1963. The meeting 
was attended by all experimenters and by personnel from 
ARC and TRW. Approximately 5 yr and 1 mo elapsed 
from the start of the Project until Pioneer VZZI was 
launched on December 13, 1967. 
The number of organizations contributing to the suc- 
cess of Pioneer VZZZ is several hundred or more when 
account is taken of the many subcontractors supplying 
components and subsystems. To list all such organizations 
is beyond the scope or intent of this report. However, a 
number of organizations have played particularly sig- 
nificant roles in the Project; these are by necessity cited 
frequently throughout the report. Such organizations, 
together with their responsibilities and relations to other 
groups within the Project, are described in Table 1. 
5. Tracking and Data System 
The TDS provides the tracking and communications 
link between the space vehicle and mission operations. 
For Pioneer missions, the TDS uses the facilities of: 
(1) the AFETR for tracking and telemetry of the space- 
craft and vehicle during the launch and near-earth 
phases; (2) the DSN for precision tracking commands, 
telemetry, communications, data transmission, processing, 
and computing; and (3) the Manned Space Flight Net- 
work (MSFN) and the NASA Communications Network 
(NASCOM), both of which are operated by Goddard 
Space Flight Center. 
1. Near-earth phase, The AFETR extends from the 
eastern United States mainland through the south At- 
lantic area eastward into the Indian Ocean. It includes 
all stations, sites, ocean areas, and air space necessary to 
conduct missile and space vehicle test, development, 
and flight support. Administrative and management ac- 
tivities are largely concentrated at Patrick Air Force 
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Table 1 .  Principal elements of Pioneer Project 
Organization Responsibility 
Program 
Physics and Astronomy Program Pioneer Project direction at 
Office within OSSA" NASA Headquarters 
Ames Research Center Project management 
Spacecraft, mission-dependent ground operational equipment 
Ames Research Center 
TRW 
Spacecraft and GOEb system 
management; installation 
and checkout 
Design, development, and 
fabrication of spacecraft and 
GOE; integration and 
testing of spacecraft and 
instruments at TRW and Cape 
Kennedy Air Force Station 
Scientific instruments I 
Ames Research Center 
Principal investigators 
Goddard Space Flight Center 
Ames Research Center 
University of Minnesota 
Graduate Research Center of the 
Southwest' 
Stanford University 
TRW 
Jet Propulsion Laboratory 
Assurance that overall scientific 
objectives are met 
Instrumentotion systems 
management 
Provision of scientific instrument; 
reduction, analysis, and 
reporting of data from 
instrument 
Magnetometer 
Cosmic dust detector 
Plasma detector 
Cosmic ray detector 
Cosmic ray detector 
Radio propagation experiment 
Electric field detector 
Performance of celestial- 
mechanics investigation using 
Pioneer tracking data 
Launch vehicle 
Goddard Space Flight Center Management of launch vehicle 
procurement 
McDonnell Douglas Corp. Design and fabrication of Thor 
booster (first stage of Delta 
launch vehicle); integration 
and testing of Delta at Cape 
Kennedy Air Force Station 
United Technology Center Design and fabrication of third 
stage of Delta 
Thiokol Design and fabrication of first 
stage strap-on-solid- 
propellant motors 
launch activities 
Unmanned launch Operations, 
Kennedy Space Center 
Air Force Eastern Test Range 
Ames Research Center 
Direction of launch operations 
Tracking and telemetry data 
acquisition during powered 
flight (NASA/DODd 
agreement) 
launch operations coordination 
and spacecraft-launch 
vehicle interface 
Flight operations 
Ames Research Center Planning, direction, and control 
of mission 
Jet Propulsion Laboratory Management of Deep Space 
Network 
Deep Space Network 
NASA Communications Network 
(JPU 
Tracking, telemetry data 
acquisition, and command 
transmission during free- 
flight trajectory 
Communications between the 
various stations conducting 
flight operations 
Data processing and analysis 
Ames Research Center 
Computer Sciences Corporation 
TRW 
Management of preliminary 
data-reduction activities; 
dissemination of telemetry 
data to users; analyses of 
spacecraft and instrument 
engineering measurements 
Design, development, and 
operation of telemetry-data 
tape-processing station 
Support for analysis of space- 
craft engineering 
measurements 
'OSSA = Office of Space Science and Applications (NASA). 
bGOE = ground operational equipment. 
CNow Southwest Center for Advanced Studies. 
dDOD = Department of Defense. 
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Base, and actual missile launches and flight tests are 
conducted at Cape Kennedy Air Force Station and over 
the downrange areas. 
The AFETR uses major instrumentation systems to 
support projects, programs, and organizations that use 
the AFETR launch facilities. 
As a part of the TDS, the AFETR performs TDA 
functions for Pioneer missions during the countdown 
and launch phases of each flight. To meet the tracking 
and telemetry commitments for Pioneer missions, the 
AFETR has at its disposal: (1) land-based instrumenta- 
tion sites, (2) range instrumentation ships, and (3) range 
telemetry aircraft. 
The MSFN is under the direction of the Goddard 
Space Flight Center, Greenbelt, Md. The MSFN is part 
of a worldwide network designed for supporting the 
manned space flight effort. 
From the MSFN facilities, launch, first tracking, and 
launch mark event activities are monitored. By use of 
the signaling, conferencing, and monitoring arranging 
(SCAMA), voice operations and control are linked to all 
MSFN tracking stations committed to support Pioneer 
missions. 
2. Deep space phase. The DSN, established by the 
NASA Office of Tracking and Data Acquisition, is under 
the system management and technical direction of JPL. 
The DSN is responsible for two-way communications 
with unmanned spacecraft traveling from approximately 
10,000 mi from earth to interplanetary distances. Present 
ground facilities permit simultaneous control of a newly 
launched spacecraft and a second one already in %ight. 
In preparation for the increased number of US. activities 
in space, a capability is being developed for simultaneous 
control of either two newly launched spacecraft plus 
two in flight, or four spacecraft in flight. Advanced com- 
munications techniques are being implemented to make 
possible the acquisition of data and the ground tracking 
of spacecraft on outer-planet missions. 
The DSN is distinct from other NASA networks, such 
as the Space Tracking and Data Acquisition Network 
(STADAN), which tracks earth-orbiting scientific and 
communication satellites, and the MSFN, which is used 
for tracking the manned Gemini and Apollo spacecraft. 
The DSN is composed of (1) the Deep Space Instru- 
mentation Facility (DSIF), (2) the Space Flight Operations 
Facility (SFOF), and (3) the Ground Communications 
System (GCS). 
The deep space tracking stations are situated in such 
a manner that three prime stations may be selected 
approximately 120 deg apart in longitude so that a space- 
craft in or near the ecliptic plane is always within the 
field of view of at least one of the selected ground an- 
tennas. The Deep Space Stations (DSSs) and their re- 
spective locations are shown in Table 2. 
Table 2. Beep Space Station designations and locations 
Location 
Goldstone, Calif. (Pioneer) 
Goldstone, Calif. (Echo) 
Goldstone, Calif. (Venus) 
Goldstone, Calif. (Mars) 
Woomera, Australia 
Canberra, Australia 
Johannesburg, S. Africa 
Madrid, Spain (Robledo) 
Cerebros, Spain 
Cape Kennedy, Flo. 
Ascension Island 
Geodetic 
longitude 
243.1 5175"E 
243.1 9539'E 
243.20599'E 
243.1 2222'E 
136.88614"E 
148.98027'E 
27 .685700~  
355.751 'E 
- 
279.4231 SOE 
345.67242'E 
Height above 
mean sea 
level, rn 
1037.5 
989.5 
121 3.5 
1160 
144.8 
654 
1398.1 
800 
- 
4.0 
526.7 
Geocentric Geocentric 
latitude longitude 
35.20805'N 
35.11861'N 
35.06662'N 
35.24376'N 
31.21236's 
35.21 962% 
25.738760s 
40.238'N 
- 
28.32648'N 
7.09991 O S  
243.1 5080'E 
243.1 9445'E 
243.20507'E 
243.1 21 27'E 
136.88614'E 
148.98027'E 
2 7 . 6 8 5 ~ 8 ~ ~  
355.751 'E 
- 
279.4231 5"E 
345.67362% 
Geocentric 
radius, 
km 
6372.0341 
6372.01 76 
6372.2599 
6372.1 341 
6372.53 17 
6371.6686 
6375.541 5 
6370.0868 
- 
6373.291 3 
~ m . 2 3 8 6  
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The acquisition of a spacecraft signal by one of the 
Deep Space Stations may involve six different functions: 
(1) pointing the antenna at the spacecraft, (2) tuning 
and locking receivers to the spacecraft transmitted fre- 
quency, (3) tuning and locking the ground transmitter 
to the spacecraft receiver frequency, (4) establishing 
range lock (where applicable), (5) synchronizing the 
telemetry system, and, in some cases, (6) providing for 
immediate command transmission to the spacecraft. 
Selected stations of the DSIF are equipped with special 
wide-field antennas mounted on the 85-ft-diam antennas 
to assist in the acquisition process. These acquisition-aid 
antennas have beamwidths of approximately 16 deg and 
are accurately boresighted with the 85-ft-diam antennas, 
They have angle-error outputs that are connected to a 
separate angle-channel receiver. By observing the angle 
errors generated simultaneously by both wide- and 
narrow-beamwidth antennas, a smooth change from 
tracking with the acquisition-aid antenna to tracking 
with the 85-ft-diam antenna can be effected. 
The SFOF is located at JPL in Pasadena, Calif. Before 
launch, direction and status monitoring of the DSN, 
analysis of spacecraft and scientific instrument per- 
formance, and calculation of predictions for spacecraft 
acquisition by the DSN are performed at the SFOF. 
Within minutes after a launch, mission control is trans- 
ferred to this facility, where tasks associated with the 
mission and its control are performed. Several weeks 
after the Pioneer VZZI launch, mission control became 
the responsibility of ARC; at this time, the mission 
analysis teams were transferred to ARC. 
The DSN, managed by JPL, provided all tracking, 
data acquisition, and command capability for the free- 
flight phase of Pioneer VZZI. The Deep Space Stations 
within the network that have supported Pioneer VZll, 
their designations, and their locations are listed below: 
Station 
Designation Location 
DSS 11 
DSS 12 
DSS 14 
DSS 41 Woomera, Australia 
DSS 42 Tidbinbilla, Australia 
DSS 51 Johannesburg, South Africa 
DSS 61 Robledo, Madrid, Spain 
Pioneer Station, Goldstone, Calif. 
Echo Station, Goldstone, Calif. 
Mars Station, Goldstone, Calif. 
Deep Space Stations 12,41, and 62 provided the princi- 
pal support during this report period of the Pioneer VZZZ 
mission because they were the only tracking stations with 
mission-dependent GOE. (Deep Space Station 71, also 
supplied with GOE, was used only for prelaunch check- 
out and did not track the spacecraft during the deep 
space phase.) A microwave system connecting DSS 12 
with DSSs 11 and 14 provided the capability for using 
the GOE at DSS 12 in combination with the mission- 
independent equipment at DSSs 11 and 14. 
With the exception of DSS 14, all of the designated 
stations are equipped with 85-ft-diam antennas. A typical 
Deep Space Station equipped with an 85-ft-diam antenna 
is shown in Fig. 1. These antennas are parabolic reflectors 
of cassegrainian construction that operate without ra- 
domes and use polar mounts at S-band frequencies. To 
enhance the signal-sensing capability, a low-noise pre- 
amplifier is mounted in the cassegrainian cone assembly. 
(Table 3 gives the characteristics for such S-band tracking 
systems.) The gain of the antenna is approximately 53 dB 
when receiving and 51 dB when transmitting. The beam- 
width is 0.35 deg. Acquisition-aid antennas are also 
mounted on the reflectors at DSSs 41, 42, and 51. These 
waveguide horn antennas have a gain of approximately 
21 dB when receiving and 20 dB when transmitting, and 
have a beamwidth of 16 deg. This broad width eases the 
problems associated with initial acquisition of the space- 
craft following launch. 
The Goldstone Mars Station (DSS 14) is equipped with 
a 210-ft-diam parabolic antenna that uses an azimuth- 
elevation mount. The gain is approximately 62 dB when 
receiving and 60 dB when transmitting. The beamwidth 
is 0.1 deg. The antenna was dedicated on April 29, 1966. 
Pioneer VIlZ will not require the use of DSS 14 until the 
summer of 1970, when it will be beyond the range of 
the 85-ft-diam antennas. 
Transmitters at the Deep Space Stations operate with 
an output power between 0.2 and 10 kW. The maximum 
power is sufficient to transmit to the spacecraft whenever 
reception from the spacecraft is possible. The lower 
power can be used when the spacecraft is near the earth. 
The Deep Space Stations are equipped with a paramp 
and a helium-cooled traveling-wave maser (TWM) sys- 
tem. At 2.295 GHz, the system noise temperature of the 
paramp is 270 +-50"K; that of the TWM is between 
35 and 50°K. All station receivers employ a phase-lock 
loop and are tuned to the S-band frequency. These 
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able 3. Characteristics for S-b tracking systems 
Equipment 
Antenna, tracking 
Type 
Mount 
Beamwidth 5 3 dB 
Gain, receiving 
Gain, transmitting 
Feed 
Polarization 
Max angle tracking rate' 
Max angular acceleration 
Tracking accuracy (1 u) 
Antenna, acquisition-aid 
Type 
Gain, receiving 
Gain, transmitting 
Beamwidth k 3  dB 
Polarization 
Receiver 
Typical system temperature 
With paramp 
With maser 
loop noise bandwidth 
Threshold (2BJ 
Strong signal (2BL0) 
BHA = hour angle; dec = declination. 
"Goldstone only. 
CBoth axes. 
dHSDL = high-speed data line. 
Characteristic 
85-ft-diam parabolic 
Polar (HA-dec)" 
-0.4 deg 
53.0 dB, +l.O, -0.5 
51.0 dB, Sl.0, -0.5 
Cassegrainian 
LIP or RH circular 
51 deg/min k0.85 deg/s 
5.0 deg/s/s 
0.14 deg 
2 X 2-ft horn 
21.0 dB 5 1.0 
20.0 dB 52.0 
-16 deg 
RH circular 
S-band 
270 550°K 
55 510°K 
12,48, or 152 Hz 
+o, -10% 
+o, -10% 
120,255, or 550 Hz 
Equipment 
Frequency [nominal) 
Frequency channel 
Transmitter 
Frequency (nominal) 
Frequency channel 
Power 
Tuning range 
Modulator 
Phase input impedance 
Input voltage 
Frequency response (3 dB) 
Sensitivity at carrier output frequency 
Peak deviation 
Modulation deviation stability 
Frequency, standard 
Stability, short-term (1 u) 
Stability, long-term (1 u) 
Doppler accuracy at F,, (1 u) 
Data transmission 
Characteristic 
2295 Hz 
140 
2113 Hz 
14b 
10 kW, max 
rt 100 kHz 
2 50 s2 
5 2.5'4 peak 
dc to 100 kHz 
1.0 rad peak/V peak 
2.5 rad peak 
rt 5% 
Rubidium 
1 x 10-11 
5 x 10-11 
0.2 Hz 50.03 m/s 
TTY and HSDLd 
receivers lock to the carrier, detect the subcarrier signal, 
and supply the signal to the mission-dependent equip- 
ment for demodulation and further processing. 
Each Deep Space Station is also equipped with two 
FR-1400 tape recorders and two SDS 910 or 920 com- 
puters for use by the flight projects. The tape units are 
used to record (1) telemetry data directly from the re- 
ceivers and from the mission-dependent equipment and 
(2) other information from instruments at the ground sta- 
tion. The ground instrumentation is used in the Pioneer 
system to perform such functions associated with telem- 
etry and command as the following: 
(1) Monitoring of spacecraft telemetry data and gen- 
eration of alarms for out-of-tolerance performance. 
(2) Selective editing of telemetry data and preparation 
for their teletype transmission to the mission oper- 
ation areas. 
(3) Verification of commands preceding actual trans- 
mittal to the spacecraft. 
E. Pioneer Spacecraft 
The Pioneer VIII spacecraft was launched by a DeZtu 
DSV-3E launch vehicle from complex 17-B at the Cape 
Kennedy Air Force Station, Fla., at 0908:OO EST (1408:OO 
GMT) on December 13, 1967. The countdown proceeded 
smoothly, with no anomalies encountered. The launch 
vehicle system performance of all three stages was 
nominal. The boost trajectory appeared normal, and a 
nominal heliocentric orbit was obtained. Data acquisition 
from the DSN occurred as planned. 
Pioneers VI and VII-carrying six scientific instruments 
to investigate the characteristics of magnetic fields, 
plasma, and cosmic rays in interplanetary space-were 
launched from Cape Kennedy Air Force Station on 
December 16, 1965, and August 17, 1966, respectively. 
All scientific instruments and equipment on the three 
spacecraft have continued to operate normally since 
launch. No malfunctions or anomalous performances 
have occurred to affect the objectives of the missions. 
In addition, a mass of information presenting the mea- 
surements made by the scientific instruments and the 
performance of the spacecraft subsystems has been telem- 
etered from the spacecraft and received on the ground 
since their launch. A number of organizations performing 
a variety of tasks have contributed to this success. 
These spacecraft were specially designed and fabri- 
cated to provide the means for exploring interplanetary 
particle and field phenomena at great distances from 
earth and to meet the constraints imposed by interfacing 
systems. The general requirements were to: 
(1) Provide a stable platform on which to mount sci- 
entific instruments to measure interplanetary phe- 
nomena at distances up to 7.5 X lo7 km from earth. 
(2) Provide a capability for the instruments to scan 
360 deg in the plane of the ecliptic. 
(3) Provide a magnetically clean spacecraft with a 
field strength of < 1 y at the magnetometer. 
(4) Operate in space for at least 6 mo. 
(5) Weigh less than 150 lb (including scientific instru- 
ments). 
(6) Provide a thermal environment favorable to the 
operation of on-board equipment. 
(7) Provide a data system to sample readings from the 
instrumentation and transmit the information to 
earth. 
(8) Provide a command system to permit changes in 
operating modes of on-board equipment by ground 
command. 
The weight limitation and the requirements for flight 
in interplanetary space were compatible with the per- 
formance of the Delta launch vehicle. The spacecraft 
size and overall profile were also compatible with the 
fairing of the launch vehicle. Finally, the structure met 
the strength and rigidity requirements to withstand the 
vibration and acceleration loads of the launch vehicle. 
The telemetry and command communication sub- 
systems are compatible with the requirements of the 
DSN and the need for communication at long distances. 
The communication subsystem operates at S-band fre- 
quencies. When the subsystem operates in a coherent 
mode, the spacecraft transmits a signal whose frequency 
is a fixed ratio of that received by the spacecraft; as a 
result, accurate doppler measurements can be made so 
that the spacecraft velocity relative to earth-and, hence, 
the trajectory-can be determined. The telemetry com- 
munication subsystem also operates at a frequency gov- 
erned by an on-board oscillator to provide for occasions 
when the ground stations are not transmitting to the space- 
craft or when doppler measurements are not required. 
The Pioneer VIII spacecraft is a cylinder 35.14 in. high 
and 37.30 in. in diameter with a weight of 143 lb, in- 
cluding experiments. It was designed and built by TRW, 
and managed by ARC. The spacecraft contains five basic 
subsystems: thermal control, orientation control, com- 
munications, data handling, and power supply. Table 4 
lists the Pioneer V I I I  spacecraft gross properties; Fig. 2 
shows an exploded view of Pioneer VIII. 
HIGH-AND 
LOW-GAIN 
TOP COVER 
MAGNETOMETER 
EXPERIMENT 
ANTENNA STRUTS 
SUN SENSORS 
WOBBLE DAMPER 7 SUN SENSORS 
INSULATION BAND 
SOLAR ARRAY 
EQUIPMENT PLATFORM 
PLATFORM STRUTS 
2 LSTANFORD ANTENNA 
INTERSTAGE STRUCTURE 
Fig. 2. Exploded view of Pioneer Vlll spacecraft 
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able 4. Pioneer VI11 s acecraff gross properties 
Property 
Weight, Ib 
Spacecraft 
Experiments 
Total 
Moments (deployed), Ib/in.2 
Roll 
Pitch (max) 
Ratio (roll/pitch) 
Electrical loads, W 
Spacecraft 
Experiments (average) 
Total 
Solar array capacity, W 
0.8 AU 
1.0 AU 
1.2 AU 
Magnetic properties 
(with experiments), y 
As received 
Magnetized 
Demagnetized 
Stray field 
Experiment mounting temperature, O F  
0.8 AU 
Temperature, O F  
1.0 AUC 
1.2 AUc 
RF power to antenna, dBm 
low gain 
High gain 
Radiating antenna gain, dB 
low gain 
High gain 
Receiver sensitivity a t  antenna, dBm 
Low gain 
High gain 
Receiving antenna gain, dB 
low gain 
High gain 
*Based on readings at 50 in. extrapolated to 80 in. 
buniversity of Minnesota cosmic ray detector. 
eplatfarm 3 temperature. 
Specification 
111.2 
- 
- 
- 
- 
- 
7.4 
- 
Spacecraft loads 
plus 7.4 W for 
experiments 
- 
16 
1 .o 
0.5 
30-90 
30-90 
30-90 
36 
36 
- 
- 
-135 
-135 
- 
- 
Flight 1 
102.7 
34.3 
137.0 
-
43,509 
32,115 
1.32 
43.4 
9.2 
52.6 
- 
102.5 
81.0 
60.2 
0.1 7 
1.68 
0.051' 
0.1 20 
75-80 
62 
41 
37 
38 
- 0.5 
10.9 
- 143 
-144 
- 0.7 
10.9 
Flighf 2 
103.26 
35.09 
138.35 
-
43,509 
32,115 
1.32 
43.6 
8.2 
51.8 
- 
97.8 
80.6 
60.8 
0.239 
1.46 
0.23 
0.337 
83 
62 
38 
36.7 
37.5 
0.3 
10.7 
- 142.5 
- 144.2 
-1.7 
11.1 
Flight 3 
105.8 
38.0 
143.8 
-
45,500 
33,000 
1.37 
43.1 
12.3 
55.4 
7
96.5 
79.5 
60.0 
0.20 
1.7 
0.1 2 
0.25 
84b 
54 
41 
37.4 
38.0 
- 0.4 
11.1 
-141.1 
- 140.3 
-1.3 
11.8 
Electrical power is provided by a solar array consist- 
ing of 10,368 n-p type solar cells mounted on the outer 
surface of the cylindrical spacecraft body. A narrow 
circular band divides the solar array and contains aper- 
tures for experiment viewing and orientation of the sun 
sensors. 
A battery is used to provide power during the launch 
and initial orientation phases, and is also used through- 
out the remainder of the mission to provide peak power 
requirements for the instruments and equipment. Fig- 
ure 3 is a simplified block diagram of the Pioneer 
spacecraft. 
Projecting probe-like from the center of one end of the 
cylinder is a high-gain antenna, the upper portion of 
which contains two low-gain antennas. Extending from 
the opposite end of the cylinder is a whip antenna, de- 
signed to receive transmitted signals for the radio propa- 
gation detector (a scientific experiment). 
The spacecraft has three radial booms, an antenna 
mast on the cylinder axis at the forward end of the 
spacecraft, and an antenna system at the aft end of 
the spacecraft for use in one of the scientific experiments 
(Stanford). Except for a small viewing band provided 
for the scientific instruments, the curved surface of the 
cylinder is covered with solar cells to supply the on- 
board power. Within the cylinder is a single platform on 
which all of the electronic equipment for the spacecraft 
and scientific instruments is located. Thermal louvers 
aft of the equipment platform cover a portion of the 
platform area and control the amount of heat radiated 
from that surface. These components are also shown in 
Fig. 2. 
The three booms are capable of being folded against 
the antenna mast, and the Stanford antenna can be 
withdrawn against the cylinder, as illustrated in the 
sketch of Fig. 4. This arrangement allowed the space- 
craft to fit within the launch-vehicle fairing. After sep- 
aration from the third stage, the booms and Stanford 
antenna are automatically deployed. The three booms 
augment the spacecraft moment of inertia about the spin 
axis to achieve the gyroscopic stabilization required for 
the mission. 
One boom has a nozzle that, as part of the nitrogen 
gas jet system, provides the torque for attitude control 
of the spacecraft. The second boom, included for sta- 
bility, is equipped with a wobble-damping mechanism. 
A magnetometer, used for one of the scient& experi- 
ments, is incorporated onto the third boom. The 
magnetometer is deployed at the far end of its boom to 
provide as much isolation as possible from the on-board 
instrumentation (and its inherent radiation). 
The spacecraft is spin-stabilized. Thus, the stability 
requirements can be met within the overall weight and 
lifetime constraints, since the necessity for attitude cor- 
rection is minimized and the on-board orientation sub- 
system is small, lightweight, and reliable. Alignment of 
the spin axis perpendicular to the plane of the ecliptic 
for the major portion of the mission provides the re- 
quired scan capabilities. 
To provide the required communication capabilities 
within the constraints imposed by the electrical power 
subsystem, the antenna mast is a high-gain antenna 
having a disk-like pattern that is axially symmetric with 
respect to and perpendicular to the spin axis. Because 
the spin axis is perpendicular to the ecliptic plane, and 
the earth and spacecraft are in the ecliptic plane, such 
a pattern assures that the earth will be within the radia- 
tion plane of the spacecraft. 
The magnetic-cleanness requirement is eased some- 
what by placing the magnetometer sensor at the end of 
the boom rather than on the equipment platform. Never- 
theless, careful selection of materials and components 
throughout the spacecraft, and use of magnetic- 
compensation design techniques, were necessary to fully 
achieve this requirement. 
The Pioneer V I I I  spacecraft is of the Block I1 type, 
which is somewhat different from the earlier Block I 
type of spacecraft. Table 5 gives a comprehensive sum- 
mary of changes between Block I and Block I1 spacecraft. 
F. launch Vehicle 
The launch vehicle for Pioneer V I I I  was the thrust- 
augmented improved Delta (DSV-3E). The prime con- 
tractor for the vehicle was the McDonnell Douglas 
Corporation. The vehicle had three basic stages, but it 
also had three solid-propellant motors that were included 
to augment the first-stage thrust. These components and 
their principal dimensions are shown in Fig. 5. The 
Pioneer VI launch was the first in which a Delta vehicle 
(Delta 35) placed a payload in an escape-from-earth 
trajectory. 
10 J P L  TECHNICAL MEMORANDUM 33-426, VOL. 111 
------------- I--- 
L 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 1  
Table 5. Summary of spacecraft changes between Block I and Block II (and IIAI 
Block II change 
Incorporate seven Block 
II experiments in lieu 
of six Block I 
experiments 
Increased experiment 
power requirements 
New boom flanges for 
ARC magnetometer 
experiment 
Substitution of GSFC for 
ARC magnetometer 
Modify signal 
conditioner 
Modification of sun 
sensor cover glass 
specification 
Modify platform layout 
Modify viewing band 
Modify data formats 
Increase battery 
capacity 
Relocate converter fuses 
Purpose of change 
Increase types of scientific interplanetary 
data that can be obtained from Pioneer 
spacecraft 
Accommodate new experiments, including 
University of Minnesota cosmic ray 
detector 
Accommodate ARC magnetometer 
Replace ARC magnetometer with GSFC 
magnetometer 
To accommodate changes in temperature 
ranges of receivers and transmitter 
driver 
To increase sun-sensor resistance to solar 
radiation damage 
Accommodate larger battery and new 
experiment interface 
Accommodate new experiment sensor 
apertures and permit easy access to 
experiments 
Provide two redundant scientific formats 
that provide six scientific data inputs 
To permit greater flexibility in launch 
trajectory 
Permit ready removal and testing of fuses 
without removing assembly covers 
UDTU = data transmission unit. 
bCDU = commond distribution unit. 
cGRCSW = Graduate Research Center of the Southwest. 
dEGSE = electrical ground support equipment. 
Affected spacecraft 
equipment 
Equipment platform, 
viewing band, 
DTU: CDUp har- 
ness, programming 
CDU 
Magnetometer boom 
assembly 
DTU, harness, GSFC 
cable sets, EGSEd 
programming, 
mounting brackets, 
magnetometer 
boom assembly 
Signal conditioner 
Sun sensor cover glass 
Equipment platform 
Viewing band 
DTU, cable harness 
Battery 
Equipment and TWT 
converters, CDU, 
fuse connector 
Remarks 
Hock HA experiments: 
University of Minnesota cosmic ray detector 
GSFC magnetometer (substituted for ARC 
GRCSW' cosmic ray detector 
Stanford University radio propagation 
GSFC cosmic dust detector 
ARC plasma detector 
Stanford/TRW electic field detector 
magnetometer) 
Installation of two jumper wires between inputs 
and outputs of two medium-current amplifiers 
in CDU 
DTU modification to process GSFC data while 
retaining capability to return to ARC 
configuration 
and DTU 
Harness: Add four wires between magnetometer 
New cable set from GSFC electronics to 
magnetometer boom 
Resistor-driver networks in signal conditioner 
were changed 
Increased sun sensor cover glass thickness from 
20 to 100 mils 
New platform layout, cable routing and insert 
pattern 
Rewired interconnections in DTU between 
scientific digital format gates and digital gate 
driver modules 
Wired both format gate modules for 
redundancy 
1.25-lb increase over Block I battery 
Increased capacity from 1 to 2 A-h 
Remove fuses from equipment and TWT 
Separate converter fuse connector on CDU 
converters and replace with jumper wires 
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Table 5 (contdl 
Block II change 
Additional commands 
Modify cable harness 
Purpose of change 
Add eight commands to provide spacecraft 
and experiments with no less than 36 
command pulses 
Accommodate experiment requirements, 
including addition of Stanford and TRW 
experiments 
bMPER 
ORIENTATION 
NOZZLE 
FLIGHT 
CONFIGURATION 
LAUNCH 
CONFIGURATION 
Fig. 4. Pioneer Vlll spacecraft configuration 
The first stage of the vehicle was a modified Thor 
powered by a Rocketdyne MB-3 (Block 111) engine and 
augmented by three Thiokol solid-propellant rockets. 
The liftoff weight was approximately 150,000 lb; the lift- 
off thrust was 325,000 lbf, of which 175,600 lbf 
was supplied by the Thor. The fuel was RP-1 kerosene, 
and liquid oxygen was the oxidizer for the Thor stage. 
The main engine burned for 148 s. The three Thiokol 
solid-propellant rockets were started at the time of main 
engine start and burned for 40 s. Approximately 70 s 
after liftoff, the solid-rocket cases were ejected. During 
first-stage burn, the pitch and yaw control was effected 
by gimbaling the main engine in response to signals from 
Affected spacecraft 
equipment 
CDU 
Harness 
Remarks 
Add two pulse-command modules (CDU was 
originally designed to accommodate modules 
A40 and A41 ) 
Electrical and mechanical changes 
Electrical changes for experiment interface con- 
nectors and in CDU and DTU interface 
connectors 
Change word assignments for University of 
Minnesota experiment 
Add wiring for four new University of 
Minnesota experiment commands and new 
receiver 2 temperature-sensor channel 
29.40 in. 
SECOND (INCLUDING eSTA E 
SPIN TABLE) 
187.40 in. 
A 
THIRD STAGE 
1102 in. 
ADAPTER 
54.00 in. 
FIRST STAGE 
(BOOSTER 
SECTION) 
725 in. 
(INCLUDING 
S P I N  TABLE 
AND PAYLOAD 
SECTION) 
224.00 in. .g 62.14 in. 1 
L.% 1; 
I 
11.70 in. 
TE 3 
an inertial reference package, which also maintained roll 
control by positioning the gimbaled vernier engines, A 
radio guidance system in the second stage also provided 
corrective steering signals for the first stage. 
Second-stage thrust was supplied by a pressure-fed 
Aerojet General Corporation A J10-118E liquid-propellant 
propulsion system. The approximate weight at ignition 
was 14,000 lb; the thrust was about 7400 lbf. The fuel 
was unsymmetrical dimethyl hydrazine and the oxidizer 
was inhibited red fuming nitric acid. The motor burned 
for about 6.5 min. During the power portion of the 
second-stage flight, the main engine was gimbaled to 
control pitch and yaw. Roll was controlled by four on-off 
cold gas jets, two of which reacted in a cw direction 
and two of which reacted in a ccw direction. Both pitch 
and yaw control systems responded to commands from 
the second-stage programmer as well as from the radio 
guidance system and inertial reference package. A ve- 
locity cutoff system was also incorporated in the second- 
stage guidance compartment. 
The launch vehicle could delay third-stage ignition 
until 1800 s after second-stage cutoff. During this coast- 
ing phase, an on-off nitrogen gas jet used four solenoid- 
operated jets radially mounted on the aft end of the 
second stage for pitch and yaw control plus the four gas 
jets used during second-stage powered flight for roll 
control. The nitrogen gas was that previously used to 
pressurize the fuel tanks. 
The third-stage propulsion for Pioneer VZZZ was the 
ABL X-258 rocket engine. The weight at ignition was 
about 735 lb, including the spacecraft, and the thrust 
was about 6200 lbf. Attitude control for the third stage 
was maintained by spin-stabilizing the third stage (and 
spacecraft) before separation from the second stage. The 
third stage was quite large in relation to the spacecraft 
itself. The Pioneer VIZZ spacecraft was mounted on an 
X-258 motor. The aerodynamic fairing for the third- 
stage-spacecraft combination was the standard fairing 
of the improved Delta. 
The information necessary to assess the performance 
of the launch vehicle was telemetered from the first and 
second stages. The telemetry frequency for both the first 
stage and the second stage was approximately 230 MHz. 
Modulation was PDM/FM/FM (a complex signal form 
using pulse-duration modulation of a frequency- 
modulated signal on a frequency-modulated carrier). The 
second stage was also provided with a C-band radar 
transponder system that was capable of transmitting a 
signal at a peak power of 500 W. 
6. Scientific Experiments 
The seven scientific instruments that make up the 
scientific payload for Pioneer VIZZ are as follows: two 
cosmic ray detectors, two plasma detectors, a magnetom- 
eter, and a radio propagation instrument; one additional 
experiment requires no special instruments aboard the 
spacecraft. The payload accounts for approximately 25% 
of the total Pioneer VZZZ weight. The power consumption 
for the instruments (with one plasma detector operating 
in its low-power mode) is 9 W. This level doubles when 
the plasma detector operates in the high-power mode, 
bringing the overall power consumption of the instru- 
ments to 35% of the total spacecraft requirement. 
The payload covers approximately 280 in.2 of platform. 
Approximately 72% of the telemetry data is allocated 
directly to the scientific payload for telemetering in the 
scientific data transmission mode. Except on rare occa- 
sions, this mode has been used throughout the mission. 
Approximately 33% of the command capability is allo- 
cated directly to the payload for controlling the operating 
conditions of the instrumants. 
Power to the scientific instruments is supplied directly 
from the spacecraft primary bus; each instrument, there- 
fore, is provided with its own converter. Power to all 
instruments is shut down by a single ground command, 
but each instrument is capable of being activated by 
individual commands. 
The scientific instruments met the weight and struc- 
tural integrity constraints imposed by the launch vehicle 
performance, acceleration, and vibration parameters. 
They also met stringent requirements for magnetic 
“cleanness.” As with the spacecraft, materials and com- 
ponents were selected carefully, and the use of magnetic 
minimization (or compensation) design techniques was 
necessary. The requirement for long lifetime was also 
met by careful selection of parts and by thorough parts 
screening. 
Brief descriptions of the experiments and their related 
instruments are given in the paragraphs that follow to 
indicate the type of scientific information being gathered 
by Pioneer VZZZ. As stated previously, the reporting of 
the scientific results is the responsibility of the individual 
experimenters and is beyond the scope of this report 
except where mentioned for the sake of clarity. 
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Seven scientific instruments are aboard Pioneer VZZZ, 
weighing a total of approximately 35 lb. These instru- 
ments include the following: 
Single-axis magnetometer, managed by Goddard 
Space Flight Center; Dr. Norman Ness, principal 
investigator. 
Quadrispherical plasma analyzer, managed by 
Ames Research Center; Dr. John W. Wolfe, prin- 
cipal investigator. 
Radio propagation detector, managed by Stanford 
University; Dr. Von Eshleman, principal investi- 
gator. 
Cosmic ray anisotropy detector, managed by the 
Graduate Research Center of the Southwest; Dr. 
Kenneth McCracken, principal investigator. 
Cosmic ray gradient experiment, managed by the 
University of Minnesota; Dr. Webber, principal 
investigator. 
Cosmic dust detector, managed by Goddard Space 
Flight Center; Mr. Otto Berg, principal investi- 
gator. 
Electric field detector, managed by Stanford Uni- 
versity; Dr. Fred Scarf, TRW, principal investigator. 
eighth experiment having no on-board scientific - - - 
instrumentation completes the Pioneer VZZZ experiment 
contingent. This experiment is a celestial mechanics 
investigation using the two-way doppler tracking in- 
formation as its source of data. Dr. John Anderson of 
JPL is the principal investigator. 
In addition to the above experiments, the Pioneer VZZZ 
launch vehicle included a "piggyback" satellite called 
the Test and Training Satellite (TETR-2). The mission 
objective of the TETR was to produce an active S-band 
doppler source to simulate an Apollo spacecraft, which 
thereby allowed for ground station crew training and 
mission simulation in general. The TETR gave active 
characteristics of an Apollo spacecraft and provided a 
common reference target for all stations. The TETR was 
mounted to the launch vehicle second stage, and was 
separated in an earth orbit after the Pioneer VZZZ space- 
craft and third stage separated. 
The objective of the Pioneer VZZZ mission is to obtain 
data on solar phenomena in the plane of the ecliptic 
that will increase scientific knowledge and understand- 
ing of the interplanetary environment. Also, the 
Pioneer VZZZ flight mission joins Pioneers VZ and VZZ to 
fulfill the requirements of the Pioneer space weather 
monitoring mission. 
I n  addition to the objectives described above, 
Pioneer VZZZ has as specific objectives those described 
in the paragraphs that follow. 
1.  Magnetosheath and bow shock definition. To per- 
form this investigation, the Pioneer VZZZ plasma and 
magnetometer on-board instruments had to be operating, 
and the resultant scientific data received by launch plus 
3 to 3.5 h (or 8 to 10 earth radii altitude). Pioneer VZZZ 
performed analysis of the magnetosheath of the earth 
through December 15, 1967. 
2. Geomugnetospheric tail analysis. To perform this 
investigation, the Pioneer VZZZ flight mission required 
24-h continuous tracking coverage from syzygy minus 
5 days to syzygy plus 15 days. Pioneer VZZZ successfully 
completed this investigation on February 2, 1968. 
3. Solar event analysis. When a solar event of high 
scientific value (Le., solar flare, Class I11 or above) 
occurs, dependent upon location and characteristics of 
the specific event, Pioneer VZZZ shares in its coverage. 
The Project requirement is continuous tracking coverage 
from 30 to 50 h following the event. 
I I .  Pioneer VI11 Tracking and Data System 
Requirements 
A. Near-Earth Phase Support 
The TDS near-earth phase support for the Pioneer VZZZ 
mission consisted of the committed facilities of the 
AFETR, the GSFC, and portions of the DSN. 
The tracking and data acquisition coverage require- 
ments placed upon the AFETR and GSFC are described 
in the paragraphs that follow. The requirement cate- 
gories are as follows: (1) Pioneer VZZZ mission require- 
ments, (2) launch vehicle requirements, and (3) range 
safety requirements. 
As a result of the importance of the AFETR acquisi- 
tion support to the DSN, the tracking requirement im- 
posed upon the AFETR involved in this support has 
been classified as Class I, Class 11, and Class 111. 
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During the launch phase of any space mission-i.e., 
that period extending from launch to the initial Deep 
Space Station acquisition-several events occur that 
have a major influence upon the success of the mission. 
For example, all of the powered-flight and separation 
events occur that lead to the injection of the spacecraft 
into its deep space trajectory and the subsequent final 
separation of the spacecraft from the third stage of the 
launch vehicle. The information gathered from tracking 
and telemetry during this period is used to continually 
evaluate and update the status of the flight. 
As explained, the acquisition support by the AFETR 
was important for the successful initial acquisition by 
the first-viewing, committed Deep Space Station. This 
AFETR acquisition support was primarily directed 
toward evaluating the performance of the launch vehicle, 
including the third-stage burn (initial DSN acquisition 
occurs subsequent to third-stage burn). In addition to 
being vital to the acquisition effort, near-real-time evalu- 
ation of launch-vehicle performance was of concern to 
spacecraft monitor personnel. For example, should the 
launch-vehicle performance have been nonstandard dur- 
ing any portion of powered flight, and if an indication 
of the degree of abnormality of the flight could be ob- 
tained soon enough, there would have existed an oppor- 
tunity to change the command sequence of the spacecraft 
events so as to maximize the likelihood of meeting the 
flight test objectives. 
There are two general methods of evaluating the 
launch-vehicle performance in near-real time. One 
method involves comparing the actual mark times of 
the significant launch vehicle events from telemetry with 
the predetermined norms and analyzing the differences. 
This method includes the general evaluation of all avail- 
able telemetry. The other method requires tracking data 
to calculate the resultant trajectory subsequent to the 
first- and second-stage burns (Thor/Delta). A compari- 
son of the actual trajectory with the anticipated norm 
gives an evaluation of the launch vehicle performance. 
By employing both of these methods, one can be used 
to determine the validity of the conclusions derived 
from the other. 
The actual launch-vehicle mark times for the Pioneer 
launches were determined by the AFETR from telem- 
etry data received at individual sites and reported by 
the supervisor of range operations over the AFETR com- 
munications network. In the launch vehicle telemetry 
laboratory, the telemetry data were analyzed and the 
mark times validated. The mission analyst also provided 
current reports to JPL regarding launch-vehicle per- 
formance based on all information available to him in 
real-time, including mark times. 
The accuracy to which the vehicle stages injected the 
combination third-stage-spacecraft into the parking orbit 
was evaluated by tracking the Delta C-band beacon 
from AFETR and MSFN. Trajectory calculations by the 
AFETR performed at the Real Time Computing Facility 
(RTCF) based on these tracking data were made to estab- 
lish the degree of normality of the parking orbit. This 
evaluation was done by the flight-path analysis-group 
at the SFOF after receiving the parking-orbit elements 
and injection conditions from the RTCF. Determining 
the performance of the third stage by the AFETR in 
near-real-time was more difficult because this stage was 
not equipped with a radar tracking beacon. Two methods 
were conceived, however, that provided some indication 
of third-stage ignition and burn duration. One method 
involved examination of the doppler data in the RF 
signal on the carrier of the spacecraft S-band telemetry. 
The other method was dependent upon receiving a signal 
from the beacon installed on the third stage and retrans- 
mitting this signal to the telemetry laboratory for display 
and analysis of the doppler frequencies. 
1.  AFETR acquisition support. The first major event 
accomplished by the DSN during the flight was initial 
acquisition of the spacecraft by a Deep Space Station. 
To accomplish this, the acquiring station had to know 
the approximate spacecraft trajectory in terms of station 
predicts before the spacecraft came into view. Predicts, 
which included declination, hour angle, and doppler- 
detector output frequencies correlated with time, were 
furnished to all Deep Space Stations before launch. 
These predicts were based upon anticipated launch- 
vehicle performance; however, predicts based upon 
actual launch-vehicle performance could have proved to 
be very useful during the initial acquisition by the DSN, 
particularly if the performance had been substantially 
different from the stated norm. Because of the time 
required to receive the tracking data by the AFETR, 
calculate the predicts, and transmit them to the SFOF 
for retransmission to the Deep Space Stations, the most 
timely predicts were those based upon tracking data 
taken after injection into the parking orbit and a normal 
third-stage burn. Only the AFETR could supply these 
real-time predicts (by calculating the trajectory using 
radar tracking data). Because the trajectory of the mis- 
sion was normal, DSSs 51 and 41 had no trouble acquir- 
ing. (Figure 6 illustrates the Pioneer V I I I  near-earth 
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phase tracking and telemetry requirements; Fig. 7 gives 
the projected near-earth phase station coverages and 
tracking time.) However, had the spacecraft been in- 
jected into a nonstandard trajectory, real-time AFETR 
predicts would have been critical for both stations. 
2. Near-earth requirements clasdfication. Requirements 
of the Project for tracking and telemetry support are 
divided into classes by the Project Office in accordance 
with their importance to the successful accomplishment 
of the mission. These classes are defined as follows: 
(1) Class I: requirements that reflect the minimum 
essentials to ensure accomplishment of primary 
test objectives. These are mandatory and-if not 
met-may result in a decision not to launch. 
(2) Class 11: requirements that reflect that which is 
needed to accomplish all stated test objectives. 
(3) Class 111: requirements that reflect the ultimate in 
desired support. Such support would provide the 
capability to achieve the test objectives earlier in 
the test program. 
A great deal of data is required to meet the specified 
requirements. Some of these data are provided herein 
in Tables 6-16 and Figs. 8-14. 
3. AFETR Class Z tracking. The stated minimum re- 
quirement for tracking coverage is from SECO to 
SECO + 60 s. Because SECO was the injection point into 
the parking orbit, this tracking coverage constituted 60 s 
of the parking orbit. 
a. Class I overall coverage. The Class I C-band, VHF, 
and S-band tracking coverage requirements during the 
Pioneer VIIZ mission near-earth phase are listed in 
Table 17. 
Table 6. launch dates and launch windows 
for Pioneer Vlll (Block I )  
DEEP SPACE PHASE 
NEAR-EARTH PHASE 
THIRD , STAGE BURN FIRST AND SECOND STAGE BURN - 
1 I -  SOLAR ORBIT PARKING ORBIT 
BLOCK I TRAJECTORY 
MI SSI O N  
PHASES 
PRELAUNCH 
F ASCENSION 
SECONDSAFTERLAUNCH 0 200 400 600 800 1000 1200 1400 1600 1800 2ooo 2200 2400 2600 2800 3000 
LAUNCH VEHICLE 
LAUNCH VEHICLE 
VHF TELEMETRY 
TELEMETRY 
MENTS 
PLANNED 
TELEMETRY 
AND 
TRACKING 
STATION 
COVERAGE 
(TYPICAL) 
(SEE NOTE) 
-DSS 71 CAPE KENNEDY 
AFETR 1 CKAFS 
AFETR 3 GBI 
AFETR 7 GRAND TURK 
AFETR 91 ANTIGUA 
AFETR 12 ASCENSION 
DSS 72 ASCENSION 
AFETR SHIP ( I )  
DSS 51 JOHANNESBURG 
.DSS 41 WOOMERA 
NOTE: AFETR AND DSN SUPPORTING STATIONS COVERAGE AND TRACKING TIME COVERAGE 
I S  DEPENDENT O N  FINAL TRAJECTORY REQUIREMENTS 
GBI = GRAND BAHAMA ISLAND 
ig. 7. Pioneer \/I11 projected near-earth station coverages and tracking time 
1 
able 7. launch-vehicle and spacecroft event times 
ioneer VI11 (Block 1) 
Condition 
Geocentric radius, km 
Mark 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Parameter 
6758.1 347 
Event 
Nominal liftoff 
Solid motor jettison 
Main engine cutoff 
Sustoiner engine ignition 
Shroud jettison 
Sustainer engine cutoff 
Third-stage spinup 
Second-/third-stage separation 
Third-stage ignition 
Third-stage burnout (injection) 
Third-stage/spacecraft separation 
Spacecraft boom deployment complete 
Spacecraft TWT amplifier on 
Step I orientation initiated 
Nominal one-way acquisition 
Nominal two-way lock 
Geocentric path angle of earth-relative velocity, deg 
Azimuth angle of earth-relative velocity, deg 
Time from 
liftoff, s 
0.9430656 
1 17.20589 
0.000 
70.000 
149.521 
154.571 
185.521 
531.761 
1848.521 
1850.521 
1863.521 
1894.321 
1959.521 
1961.421 
1961.421 
1961.421 
Geocentric latitude, deg 
longitude, deg 
Earth-relative velocity, km/s 
21.371 997 
297.26885 
7.2836474 
Table 9. Parking orbit coast time and earth-fixed 
spherical third-stage ignition conditions 
Condition 
Parking orbit coast time, s 
Geocentric radius, km 
Geocentric latitude, deg 
longitude, deg 
Earth-relative velocity, km/s 
Geocentric path angle of earth-relative velocity, deg 
Azimuth angle of earth-relative velocity, deg 
Parameter 
1081 .OS90 
6869.7345 
- 14.365844 
353.23750 
7.1 533305 
0.4884320 
121.88372 
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Table 10. launch conditions and thir 
Condition 
launch azimuth, deg 
location of pad 17-8 
Geocentric radius, km 
Geocentric latitude, deg 
Geodetic latitude, deg 
longitude, deg 
Thrust, Ibf 
Burn time, s 
Propellant weight at ignition, Ib 
Total weight at ignition, Ib 
Propellant flow rate, Ib/s 
Pitch angle x, deg 
Yaw angle 7, deg 
Parameter 
108 
6373.3390 
28.286 
28.447 
279.435 
561 2.4 
30.80 
61 1.9 
889.6 
19.866883 
-92.844599 
0 
*The launch conditions define the orientation of the launch plane in which X 
and 7 are defined. 
Table 11. Earth-fixed spherical injection conditions 
Condition 
Geocentric radius, km 
Geocentric latitude, deg 
longitude, deg 
Earth-relative velocity, km/s 
Geocentric path angle of earth-relative velocity, deg 
Azimuth angle of earth-relative velocity, deg 
Parameter 
-22.503767 
8.538081 1 
1 0.301 941 
0.0026785 
11 5.641 16 
Table 12. Parking orbit elements 
Element 
Csa (km/sI2 
Semimajor axis, km 
Eccentricity 
Inclination to terrestrial equator, deg 
Right ascension of ascending node, deg 
Argument of perifocus, deg 
True anomaly at SECO, deg 
Radius of closest approach, km 
Period, min/s 
Parameter 
- 58.34 
6831.8 
0.021 47 
32.9 
90.2 
75.4 
62.6 
6685.2 
93/40 
aCa = twice total energy per unit mass. 
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Fig. 8. Ecliptic-plane v i ew of Pioneer Ylll a n d  earth 
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ents of helioeentrie orbif 
Semimajor axis, km 
Eccentricity 1.0055 
Inclination to terrestrial equator, deg 
Right ascension of ascending node, deg 
Argument of perifocus, deg 
True anomaly at injection, deg 
Radius of closest approach, km 
aCa = twice total energy per unit mass. 
Element 
C3a(km/s)2 
Semimajor axis, km 
Eccentricity 
Inclination, deg 
longitude of perihelion (i2 + 01, deg 
Epoch of perihelion passage 
Epoch of aphelion passage 
Period, days 
Perihelion distance, km 
Aphelion distance, km 
T s  = twice total energy per unit mass. 
i Parameter 
- 849.3 
156,256,000 
0.056 
0.028 
183.6 
Dec 19,1967 
July 1, 1968 
389.9 
147,400,000 
165,100,000 
I 
500 
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900 
loo0 1100 l8g 250° 2W 
Fig. 9. Pioneer Vlll s ~ n - e ~ ~ h  line plot 
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vents along parking orbit and escape trajectories 
Event 
number 
Station 
name 
- 
Bermuda 
Grand Turk 
Antigua 
Ascension 
Ascension 
Johannesburg 
Pretoria 
- 
Tananarive 
Johannesburg 
Cornarvon 
Pretoria 
Woomera 
Canberra 
Pretoria 
Johannesburg 
Madrid 
Canberra 
Ascension 
Woomera 
Goldstone 
Stanford 
Johannesburg 
Mudrid 
Canberra 
Woomera 
Goldstone 
Stanford 
Station 
number 
- 
84 
73 
74 
79 
79 
51 
76 
- 
22 
51 
03 
76  
41 
42 
76 
51 
61 
42 
79  
41 
12 
- 
51 
61 
42 
41 
12 
- 
Evenf 
SECO 
Set 
Set 
Set 
Rise 
Set 
Rise 
Rise 
injection 
Rise 
Set 
Rise 
Set 
Rise 
Rise 
Rise 
Rise 
Rise 
Set 
Rise 
Set 
Rise 
Rise 
Set 
Set 
Rise 
Rise 
Set 
Set 
h 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
3 
5 
6 
6 
7 
13 
13 
14 
17 
20 
21 
25 
26 
Time from launch 
min 
08 
12 
12 
15 
18 
30 
31 
31 
31 
34 
44 
44 
48 
49 
52 
36 
39 
47 
02 
22 
01 
25 
44 
47 
58 
55 
38 
27 
02 
L 
52 
02 
20 
11 
13 
47 
18 
30 
34 
56 
00 
19 
05 
25 
06 
05 
40 
41 
12 
11 
13 
33 
33 
49 
28 
57 
23 
53 
08 
~ A N ~ U M  33-424, V 
Table 16. Events along parking orbit and extended parking orbit trajectories 
Event 
number 
Station 
name 
- 
Bermuda 
Grand Turk 
Antigua 
Ascension 
Ascension 
Johannesburg 
Pretoria 
- 
Tananarive 
Pretoria 
Tananarive 
Carnarvon 
Carnarvon 
Goldstone 
Goldstone 
Grand Turk 
Antigua 
Bermuda 
Bermuda 
Grand Turk 
Antigua 
Ascension 
Station 
number 
- 
84 
73 
74  
79 
79 
51 
76 
_. 
22 
76 
22 
83 
83 
12 
12 
73 
74 
84 
84 
73 
74 
79 
Event 
SECO 
Sat 
Set 
Set 
Rise 
Set 
Rise 
Rise 
Injection 
Rise 
Set 
Set 
Rise 
Set 
Rise 
Set 
Rise 
Rise 
Rise 
Set 
Set 
Set 
Rise 
b. C-band tracking. The C-band tracking coverage 
requirements in support of the Pioneer VIIZ mission are 
presented, along with the VHF and S-band telemetry 
requirements, in Table 17. The parking and transfer-orbit 
coverages are shown in Fig. 15. 
c. V H F  telemetry. The VHF telemetry coverage re- 
quirements in support of the Pioneer V I I I  mission are 
listed, along with the C-band radar and S-band telem- 
etry requirements, in Table 17. The parking and transfer- 
orbit coverages are shown in Fig. 16. 
h 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Time from launch 
min 
08 
12 
12 
15 
18 
30 
31 
31 
31 
35 
42 
47 
52 
03 
31 
38 
40 
43 
44 
47  
51 
53 
58 
S 
52 
02 
20 
11 
13 
47 
18 
30 
34 
49 
17 
05 
02 
42 
00 
03 
51 
28 
03 
09 
08 
51 
13 
d.  S-band telemetry. The S-band telemetry coverage 
requirements in support of the Pioneer V I I I  mission are 
presented, along with the C-band radar and VHF telem- 
etry requirements, in Table 17. 
e. Computed data. The overall tracking coverage data 
provided to the RTCF at the AFETR (see Table 17) was 
intended to provide the following: 
(1) Parking-orbit elements and injection conditions 
and interrange vector (IRV) based on actual park- 
ing orbit C-band radar tracking data, 
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Table 17. Class I tracking requirements 
Data type 
C-band radar 
VHF telemetry 
S-band telemetry 
Coverage interval 
SECO to SEC0+60 sa 
Third-stage ignition through third-stage burn- 
out 
Third-stage burnout to third-stage-spacecraft 
separationa 
Second stage 
launch-2 min to SECO 
Third-stage spinup through third-stage 
separation 
Third stage 
Spinup-30 s through spacecraft separa- 
tion 
Shroud separation to second-stage cutoff 
+ 1 2 0 s  
Third-stage spinup to third-stage-spacecraft 
separation 
*Data to be transmitted to JPL/AFETR within 30 min. 
(2) Theoretical solar-orbit elements and injection con- 
ditions and IRV based on parking-orbit and 
nominal third-stage performance. 
(3) Deep Space Station predicts for DSSs 51 and 41 
based on parking-orbit and nominal third-stage 
performance. 
(4) Actual solar-orbit elements and injection condi- 
tions and IRV based on postsolar-orbit-injection 
C-band radar tracking data. 
(5) Deep Space Station predicts for DSS 41 based on 
actual solar orbit. 
(6) Actual solar-orbit elements and injection condi- 
tions and IRV based on Deep Space Station track- 
ing data. 
(7) Deep Space Station predicts for any Deep Space 
Station (and possibly Stanford) based on actual 
solar orbit, if required. 
(8) I-matrix for use as inputs for Type I1 orientation- 
maneuver computation at ARC, if required. 
4. AFETR station support. The minimum facilities 
that must have a go status for the TDS to meet Project 
requirements are listed below. 
a. Tracking. 
(1) Antigua or Grand Turk radar. 
(2) RIS Pretoriu or Twin Falls radar.l 
(3)  Tracking data link (from radar support to RTCF). 
(4) RTCF or flight-path analysis and command (FPAC) 
and RTCF reformat capability. 
b. Communications. 
(1) One voice and TTY from RTCF to JPL (Build- 
(2) One voice and TTY to SFOF from each of the 
ing AO, Cape Kennedy, Fla.). 
following: 
(a) JPL (Building AO). 
(b) DSS 71. 
(c) DSS 41. 
(d) DSS 51 or 62. 
(e) DSS 12 or 11 (required in case of spacecraft- 
earth orbit). 
e. Deep Space Network. 
(1) DSS 41 in a go status. 
(2) DSS 51 or 62 in a go status. 
(3) DSS 12 or 11 in a go status. 
(4) DSS 71 spacecraft frequency reports: at least one 
frequency measurement before L - 30 min on 
launch day. 
d.  Telemetry. 
(1) S-band: Grand Bahama Island and Antigua or 
(2) RIS Twin Falls or Pretoria. 
(3)  VHF: RIS Twin Falls or Pretoria. 
Tel 4 and Grand Bahama Island. 
e. Tracking data. The Pioneer Project requirements 
for tracking data during the near-earth phase are for 
data to establish the orbit and the normalcy of space- 
craft solar injection in real-time, as well as for launch- 
vehicle evaluation. These requirements are satisfied by 
tracking the third stage. Because the separation velocity 
is small, tracking of the third stage, both before and 
after separation, is very valuable in determining an early 
spacecraft orbit. 
'These postsolar orbit-injection tracking data would allow the DSN 
to commit to acquiring the Pioneer VIII spacecraft on any tra- 
jectory. If not available, the DSN would commit only to a nominal 
trajectory. 
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Different elements of the TDS also require tracking 
data to prepare acquisition and prediction data for their 
tracking stations. Prediction data, based upon normal 
launch-vehicle performance, are furnished to all stations 
prior to launch. However, prediction data based upon 
actual launch-vehicle performance are used during in- 
itial acquisition by all stations, particularly if the tra- 
jectory is substantially different from nominal. 
The tracking data supplied by the uprange AFETR 
and MSFN radars are processed by the RTCF at the 
AFETR. Station predicts are generated in real-time for 
the AFETR, MSFN, and Deep Space Stations farther 
downrange. In addition, the AFETR forwards the track- 
ing data directly to GSFC for use in generating predic- 
tion data for the MSFN stations. These data are also 
relayed to the SFOF for use with DSN data in calcu- 
lating the spacecraft orbit. 
f .  Retransmission. The MSFN was to transmit Carnar- 
von tracking data to the AFETR. The AFETR was to 
retransmit its own raw tracking data, along with those 
of the MSFN stations, to the SFOF at Pasadena in near- 
real-time. 
g. Coverage. The Project requirements for tracking 
the launch vehicle during the near-earth phase are sum- 
marized in Tables 18 and 19. 
Table 18. Pioneer VIII Project requirements 
for launch-vehicle tracking 
Third-stage burnout to third- 
stage-spacecraft separation 
I Delivery requirements I 
Data transmitted to JPL/AFETR Data transmitted in real-time I within 30 min 
third-stage burnout tion, when redundanl radar 
track is available 
h. Telemetry data. 
Data requirements. Requirements have been placed 
upon various elements of the TDS to receive and record 
spacecraft and launch-vehicle telemetry during the near- 
earth phase. 
Retransmission. Launch-vehicle telemetry, received by 
downrange AFETR and MSFN stations, is required to 
be retransmitted during the third-stage burn. 
Coverage. Table 20 lists the launch-vehicle and space- 
craft telemetry coverage requirements. 
Mark events. The Deep Space Network requires mark 
event time reports from the AFETR and the MSFN. 
i. Support. The ability to satisfy the near-earth phase 
tracking and telemetry requirements is strongly depen- 
dent upon the characteristics of the trajectory and the 
capabilities of the TDS facilities during this phase. The 
most dominant trajectory characteristic is the change of 
location of the transfer-orbit injection as the mission 
moves from Block I to Block I1 for launch. Had the 
launch been deferred to later Blocks, the injection loca- 
tion would have moved uprange slightly. This would 
result in the inability of either Pretoria or Ascension to 
provide good injection tracking data for Blocks 11, 111, 
and IV. 
5. Real Time Computing Facility. The requirements 
of the RTCF are as follows: 
At least single-station raw C-band radar tracking 
data from SECO (parking-orbit injection) to  
SECOf60 s in decimal-data format.z 
Raw C-band radar tracking data from third-stage 
burnout (solar-orbit injection) to third-stage- 
spacecraft separation in decimal-data format.2 
'Minimum requirement for the SFOF to back up the RTCF during 
the Pioneer VIII launch. 
Table 20. GSFC coverage requirements for 
launch -ve h icl  e telemetry 
Parking-orbit elements and injection conditions 
and IRV based on actual parking-orbit C-band 
radar tracking data. 
Theoretical solar-orbit elements and injection con- 
ditions and IRV based on parking orbit and on 
nominal third-stage performance. 
Deep Space Station predicts for DSSs 51 and 41 
based on parking orbit and on nominal third-stage 
performance. 
Actual solar-orbit elements and injection conditions 
and IRV based on postsolar-orbit-injection C-band 
radar tracking data. 
Deep Space Station predicts for DSS 41 based on 
actual solar orbit. 
Actual solar-orbit elements and injection condi- 
tions and IRV based on Deep Space Station track- 
ing data. 
Deep Space Station predicts for any Deep Space 
Station (and possibly Stanford) based on actual 
solar orbit, if required by FPAC dire~tor .~ 
I-matrix for use as inputs for Type I1 orientation- 
maneuver computation done at ARC, if required 
by FPAC dire~tor .~ 
The RTCF was able to complete all of the above support 
requirements by L f 4  h. 
6. Data processing support. It was mandatory that 
the CDC 3600 computers at the RTCF be operational to 
enable the AFETR to prepare Deep Space Station pre- 
dicts. These computers processed the raw tracking data 
and computed the parking-orbit elements, the solar-orbit 
elements (based on a normal third-stage burn), and the 
predicts. 
The purpose of the CDC 3100 computer for JPL sup- 
port was the conversion of octal raw tracking data into 
a decimal format before data transmittal to JPL. This 
enabled FPAC personnel at JPL to visually evaluate the 
data in real-time. Because this was a recent improvement 
in the AFETR-JPL interface, JPL still had the capability 
to receive and process octal data; consequently, it was 
not considered mandatory that the CDC 3100 computer 
be available to support the launch. 
3Required only if the DSN FPAC team were to encounter major 
problems. 
7. Near-earth phase trajectory characteristics. Real- 
time flight analysis of the near-earth phase of the flight, 
as well as during the prelaunch countdown, was facili- 
tated by the ready access to data pertaining to the launch 
window and trajectory. 
To present a clear composite picture of the near-earth 
phase of the station coverages in relation to flight events 
and coverage requirements, an earth track of the tra- 
jectory up to about the first 26 h from launch is plotted 
in Fig. 17; see Table 15 for events denoted by circled 
numbers. An elevation constraint of 0 deg was estab- 
lished for the AFETR stations and 5 deg for the Deep 
Space Stations. 
8. MSFN station support. 
a. C-band tracking. The C-band radars at Tananarive, 
Carnarvon, and Hawaii were required to beacon-track 
the second and third stages. Tananarive was committed 
on a “best-obtainable’’ basis. All stations were to provide 
real-time data, magnetic tape recordings of high-speed 
data, and verbal confirmation of the Greenwich Mean 
Time of acquisition of signal (AOS) and loss of signal 
(LOS) to the MSFN controller. 
Tammrive. 
(1) During revolution 1, beacon tracking of third 
stage on a best-obtainable basis from AOS to LOS. 
(2) Real-time transmission of low-speed data in stan- 
dard 38-character radar data format to RTCF at 
AFETR. 
(3) Verbal confirmation in real-time of GMT of AOS 
and LOS to MSFN controller. 
(4) Magnetic tape recordings, strip-chart recordings, 
and postlaunch instrumentation message (PLIM) 
data sheets. 
Carmrvon. 
(1) During revolution 1, beacon tracking of third stage 
on a best-obtainable basis from AOS until directed 
to switch track to second stage. 
(2) When directed, switch and beacon-track second 
stage to LOS. 
(3) Real-time transmission of low-speed data to GSFC 
for reformatting and retransmission to RTCF at 
AFETR. 
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(4) Verbal confirmation in real-time of GMT of AOS (6) Magnetic tape recordings, strip-chart recordings, 
and LOS to MSFN controller. and PLIM data sheets. 
(5) Magnetic tape recordings, strip-chart recordings, Tananarive. 
(1) Receive and record second-stage 234.0-MHz link 
from AOS to LOS during revolution 1 on a best- 
and PLIM data sheets. 
Hawaii. 
During revolution 1, beacon tracking of second 
stage from AOS to LOS. 
Real-time transmission of low-speed data in stan- 
dard 38-character radar data format to RTCF at 
AFETR. 
Verbal confirmation in real-time of GMT of AOS 
and LAOS to MSFN controller. 
Magnetic tape recordings, strip-chart recordings, 
and PLIM data sheets. 
VHF telemetry. The MSFN stations at Bermuda, 
Tananarive, Carnarvon, Guam, Hawaii, and Guaymas, 
as well as portions of NASCOM and the GSFC-AFETR 
interface at  Cape Kennedy, were to support the 
Pioneer V I I I  mission. 
Coverage of the second-stage 234.0-MHz link for re- 
ceiving, decommutating, and recording was required of 
all stations. Tananarive was to provide support on a 
best-obtainable basis during revolution 1. In addition, 
Bermuda was to provide a real-time readout of mark 
event 5 (SECO). 
All stations were to provide verbal confirmation in 
real-time of the GMT of AOS and LOS to the MSFN 
controller. Retransmission of telemetry data was re- 
quired of Tananarive and Carnarvon during the third- 
stage burn. 
Bermuda. 
(1) Receive, decommutate, and record second-stage 
234.0-MHz link from AOS to LOS during revolu- 
tion 1. 
(2) Receive and record third-stage 256.2-MHz link 
from AOS to LOS on revolution 1. 
(3) Provide real-time readout of mark event 5 (SECO). 
(4) Teletype confirmation of mark event 5 time of 
occurrence in GMT. 
(5) Verbal confirmation in real-time of GMT of AOS 
and LOS to MSFN controller. 
obtainable basis. 
(2) Receive and record second-stage 234.0-MHz link 
(3) Receive, demodulate, and record third-stage 256.2- 
MHz link from AOS to LOS during revolution 1 
on a best-obtainable basis. 
(4) Retransmit specified telemetry data to Building 
(5 )  Verbal confirmation in real-time of GMT of AOS 
from AOS to LOS during revolution 2. 
AE at AFETR. 
and LOS to MSFN controller. 
(6) Magnetic tape recordings, strip-chart recordings, 
and PLIM data sheets. 
Carnaruon. 
(1) Receive, demodulate, and record second-stage 
234.0-MHz link from AOS to LOS during revo- 
lution 1. 
(2) Receive and record third-stage 256.2-MHz link 
from AOS to LOS during revolution 1 on a best- 
obtainable basis. 
(3) Retransmit specified telemetry data to Building 
AE at AFETR. 
(4) Verbal Confirmation in real-time of GMT of AOS 
and LOS to MSFN controller. 
(5) Magnetic tape recordings, strip-chart recordings, 
and PLIM data sheets. 
Guam. 
(1) Receive and record second-stage 234.0-MHz link 
from AOS to LOS during revolution 1. 
(2) Verbal confirmation in real-time of GMT of AOS 
and LOS to MSFN controller. 
(3) Magnetic tape recordings and PLIM data sheets. 
Hawaii. 
(1) Receive and record second-stage 234.0-MHz link 
from AOS to LOS during revolution 1. 
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(2) Verbal confirmation in real-time of GMT of AOS 
(3) Magnetic tape recordings and PLIM data sheets. 
to MSFN controller. 
Guaymas. 
(1) Receive and record second-stage 234.0-MHz link 
(2) Verbal confirmation in real-time of GMT of AOS 
(3) Magnetic tape recordings and PLIM data sheets. 
from AOS to LOS during revolution 1. 
and LOS to MSFN controller. 
c. Computer support. The requirements levied on 
GSFC with respect to computer support were as follows: 
(1) Provide pointing data printouts to be used for mis- 
sion planning and for committing MSFN station 
coverage. 
(2)  Generate and transmit nominal pointing data to 
participating MSFN stations. 
(3) Receive launch-trajectory data from AFETR via 
Launch Trajectory Data System. 
(4) Generate radar-simulation tapes for Tananarive, 
Carnarvon, and Hawaii. 
(5 )  Use launch-trajectory data to drive displays at 
GSFC operations control center. 
(6) Generate and transmit real-time acquisition mes- 
sages to participating MSFN staiions based on 
second- and third-stage data. 
(7) Reformat Carnarvon radar data to standard 38- 
character radar data format for transmission to 
RTCF at AFETR. 
9. JPL/AFETR operational support. The JPL/AFETR 
field station located at Cape Kennedy was to support 
the launch operations of Pioneer VIII by providing the 
necessary operational interfaces between the DSN and 
SFOF in Pasadena and the AFETR and other Project 
elements at the AFETR. This operational interface com- 
prised the following activities: 
(1) Monitoring and keeping the DSN Project engineer 
informed of the status of AFETR stations, ships, 
and equipment; progress through the countdown; 
and the occurrence and time of in-flight events. 
(2) Providing liaison between the FPAC group and 
AFETR Real Time Computing Facility through 
the JPL data coordinator. 
(3) Receiving and retransmitting (to the SFOF) AFETR 
metric data and computed data, including injec- 
tion conditions, orbital elements, and DSIF acqui- 
sition information. 
(4) Relaying spacecraft telemetry data from DSS 71 
to the SFOF and to Building AM. 
(5)  Receiving from the SFOF, and retransmitting to 
Building AM, spacecraft telemetry data from 
DSS 51. 
In addition to the launch-phase operations, the field 
station participated in the prelaunch integration tests 
and operational readiness tests. These tests essentially 
duplicated the launch-phase activity, with operations 
simulated where necessary. 
10. Deep Space Network. The nominal DSIF acquisi- 
tion procedure consists of pointing the S-band acquisition- 
aid (SAA) antenna 10 deg above the horizontal in the 
direction of the nominal trajectory (called point A). If 
the spacecraft is not acquired by the time the spacecraft 
should be at point A, a search pattern is initiated, which 
causes the SAA antenna to move in turn to points B, C, 
D, and E, and finally back to the nominal trajectory 
(point F). This search pattern is illustrated in Fig. 18; 
angles and times are listed in Table 21. 
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Table 21. Pioneer VI!/ Block I trajectory nominal 
DSS 41 acquisition search pattern 
Point 
A 
B 
C 
D 
E 
F 
“G“ 
Hour 
angle, 
86.9 
79.6 
74.0 
69.5 
66.1 
62.1 
24.1 
Decli- 
nation, 
345.9 
337.6 
353.6 
337.8 
354.1 
346.5 
000.1 
Time lo 
leave, 
min:r 
50:13 
52:13 
53:43 
5 5 1  3 
56:43 
58:13 
120:oo 
The 30 dispersions provided by the Pioneer Project 
Office were used to perturb the nominal trajectory t 3 ~  
for all six injection parameters, providing 13 separate 
predict cases (1 nominal and 12 perturbed cases). 
Worst cases were also obtained by selecting the - ~ l ,  
2, or 3 dispersions in radius, latitude, longitude, inertial 
velocity, inertial path angle, and inertial azimuth angle 
that would provide the worst combined effect upon the 
rise azimuth and rise time at DSS 41. 
The acquisition study consisted of determining whether 
the twelve 30 dispersions and the four worst-case dis- 
persions all fell within the DSS 41 SAA antenna 8-deg 
half-beamwidth when the antenna was pointed at points 
A, B, C, D, E, and F, respectively. All sixteen dispersed 
cases (twelve 30 cases and four worst cases) fell within 
the 8-deg SAA antenna beamwidth when the antenna 
was pointed at points A and F. Since points B, C, D, 
and E were selected along the nominal trajectory, at 
8-deg beamwidth off the nominal trajectory, the nominal 
and none of the 16 dispersed cases were within the 
beams at these times, as shown in Fig. 19. 
It should not necessarily be concluded, however, that 
these points should be changed because the dispersed 
cases are within the nominal (although very improbable) 
performance of a launch vehicle. Points B, C, D, and E 
would, therefore, be able to intercept some of the off- 
nominal (outside the 30) dispersions that could occur in 
case of a launch-vehicle malfunction. 
Another point “ G  was selected at the “turning point” 
in the trajectory, where the spacecraft motion changes 
from easterly to westerly motion in reference to the 
earth. The “dwell time” of the spacecraft is considerable; 
if the spacecraft had not been acquired by launch+75 
min, the SAA antenna would have been pointed at 
point ‘%,, (a point at 120 min from launch at 24.1 deg HA 
and 000.1 deg dec). 
The nominal trajectory would spend 100 min within 
8-deg half-beamwidth of the SAA antenna. All of the 3u 
dispersions spend about 90 min in the SAA antenna beam 
at point “G,” and even the worst cases spend an hour in 
this region. 
11. DSN requirements vs constraints. This subsection 
details the DSN requirements and constraints for each 
facility supporting the Pioneer VZZZ launch. Table 22 
lists the DSN launch requirements and constraints. 
a. Near-earth trajecto y. 
DSN Class ZZ requirements: 
(1) Sixty seconds of posttransfer ( solar) orbit-injection 
tracking data.4 
(2) RTCF in a go status. 
(3) FPAC team in a go status, as outlined in FPAC 
checklist. 
DS N constraints: 
(1) Sixty seconds of postparking orbit-injection track- 
ing data. 
(2) RTCF or FPAC team in a go status. 
b. Communications, The DSN near-earth phase launch 
communications requirements are shown in Fig. 20. 
B. Pioneer Vlll Deep Space Phase Requirements 
Since the requirements placed upon the DSN systems 
are in support of the DSN commitments to the Pioneer 
Project, it is appropriate to list and describe these basic 
‘Sixty seconds of posttransfer ( solar) orbit-injection tracking data 
would allow the DSN to commit to acquiring the Pioneer V I I I  
spacecraft on any trajectory. If the 60 s of data were not available, 
the DSN would be able to commit only to acquiring the spacecraft 
on a nominal trajectory. This is defined as any trajectory within the 
launch-vehicle 30 injection dispersion ellipses provided by the 
Pioneer Project Office. 
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SM launch requirements and eonstraints 
Class I requirements 
DSS 71 spacecraft frequency reports: daily from 
1-8 to 1-1 day and at 1-90, L-30, 
and 1-5 min 
DSS 41 able to provide tracking, telemetry, and 
command support during initial acquisition and 
subsequent passes 
DSS 51 or 62 able to provide tracking, 
telemetry, and command support 
DSS 12 or 1 1, with microwave communications 
from DSS 1 1 to Pioneer GOE' at DSS 12, 
able to provide tracking, telemetry, and 
command support 
Class II requiremenfs 
DSS 71 spacecraft frequency reports (see 
facility checklist): daily from 1-8 to 1-1 
day and at 1-90, L-30, and 1-5 min 
on launch day 
DSS 41 in a go status (see facility checklist) 
DSSs 51 and 62 in a go status (see facility 
checklist) 
DSSs 12 and 1 1 in a go statusb (see facility 
checklist) 
launch constmints 
DSS 71 spacecraft frequency reports (see 
facility checklist): at least four frequency 
measurements between 1-8 and 1-1 
day and at least one frequency measure- 
ment before 1-30 min on launch day 
DSS 41 in a go status (see facility checklist) 
DSS 51 or 62 in a go status (see facility 
check list) 
DSS 12 or 11 in a ga statusC (see facility 
checklist) 
aGOE = ground operational equipment. 
bDSS 11 has an acquisition-aid antenna (SAA) and DSS 12 does not; therefore, DSS 11 should have a better chance to sequence a spacecraft in an earth orbit. 
CRequired in case spacecraft should remain in earth orbit. 
Fig. 19. Pioneer Vlll lock I trajectory nomina and worst-case dispersions 
JPb 1 ~ ~ ~ ~ 1 C A ~  M ~ M ~ R A D U M  33-496, V81. 111 35 
LAUNCH CONSTRAINTS 
One voice and one TTY line to 
SFOF from each of the following: 
(JARC) U JPL/Building A 0  (AFETR network) DSS 71 DSS 41 DSS 51 or 61 DSS 12or 1 1  
Fig. 20. launch communications requirements 
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commitments. The  DSN stations assigned for the 
Pioneer VIII mission are as follows: 
Table 23. Station coverage plan 
Station Location 
DSS 12 
DSS 62 Cerebros, Spain 
DSS 41 Woomera, Australia 
DSS 51 
DSS 71 Cape Kennedy, Fla. 
Echo Station, Goldstone, Calif. 
Johannesburg, South Africa (when 
available) 
The DSN sites that supported the Pioneer VIII mis- 
sion are DSSs 12, 41, and 62 (also DSS 51, as available). 
Full coverage was scheduled for the first 50 days of the 
mission. This met the requirements for full coverage 
during the first 30 days and for full coverage from -5 
to +15 days at syzygy (expected at L+35 days). 
The trajectory was such that, during the initial pass 
over DSS 51, the tracking rates were too high for the 
station to lock on to the spacecraft (except for possibly 
the last 5 or 6 min of the view period). Therefore, DSS 41 
was to be the prime acquisition station. It was expected 
that DSS 42 would act as a backup for DSS 41. Project 
requested DSS 41 not to go into two-way lock until 
approval had been received from the Space Flight 
Operations Director (SFOD), which would occur ap- 
proximately 5 min after initial acquisition. Thus, the 
coverage plan was as listed in Table 23. 
1. DSN bunch requirements. 
DSS 71 spacecraft frequency reports: daily from 
L-8 to L-1 day and at L-90, L-30, and L-5  
min. 
Woomera (DSS 41) able to provide tracking, telem- 
etry, and command support during initial acqui- 
sition and subsequent passes. 
Johannesburg (DSS 51) or Cerebros (DSS 62) able 
to provide tracking, telemetry, and command sup- 
port. 
Goldstone Echo (DSS 12) or Pioneer (DSS ll), 
with microwave communications from DSS 11 to 
the Pioneer GOE at DSS 12, able to provide 
tracking, telemetry, and command support. 
I I DSS51 I 0 I No two-way data 
DSS 41 
DSS 4 2  
DSS 51 
DSS 62 
One-way to rise+5 mini two-way from risef5 
min on 
One-way only (backup to DSS 41) 
Two-way 
Three-way if DSS 51 tracking (two-way if DSS 
51 not tracking) 
a. Class I .  
(1) DSS 71 spacecraft frequency reports: at least four 
frequency measurements between L - 8 and L - 1 
day and at least one frequency measurement be- 
fore L-30 min on launch day. 
(2) DSS 41 in a go status (see DSS 41 checklist). 
(3) DSS 51 or 62 in a go status. 
(4) DSS 12 or 11 in a go status. 
b. Class I I .  
DSS 71 spacecraft frequency reports: daily from 
L-8 to L-1 day and at L-90, L-30, and L-5 
min on launch day. 
DSS 41 in a go status (see DSS 41 checklist). 
DSSs 51 and 62 in a go status. 
DSSs 12 and 11 in a go status. 
2. Deep Space Instrumentation Facility. 
a. Equipment. The following equipment was opera- 
tional at the committed Deep Space Stations: 
(1) Project-dependent equipment, consisting of com- 
mand encoder, demodulator-synchronizer, and 
computer buffer. 
(2) Exciter. 
(3) Transmitter. 
(4) Receiver. 
(5) Modulator. 
(6)  Diplexer. 
(7) SAA antenna system. 
7 
(8) S-band cassegrainian monopulse (SCM) antenna 
system. 
(9) Maser. 
(10) FR-1400 tape recorders. 
(11) SDS-910 computer. 
(12) Frequency and timing system. 
b. Data validation. The functions of the Deep Space 
Stations in support of space missions are listed in Table 24. 
c. Quality control of data. 
Metric data. Metric data monitoring for the Pioneer 
(1) Phase 1: L to L+3  days. 
(2) Phase 2: L + 3  to L+30 days. 
(3) Phase 3: L +30 days to end of nominal mission. 
Project was conducted in the following three phases: 
Data monitoring was performed during each of these 
phases as outlined in Table 25. 
Tracking data were monitored continuously in near- 
real-time at the Goldstone computer facility during 
Phase 1 only. Data were monitored for high-frequency 
noise and compared with predicted data using the Gold- 
stone prediction and monitor programs. The orbit deter- 
mination program was used to validate tracking data 
for the Project within the SFOF during all phases. 
The purpose of near-real-time readouts at the Gold- 
stone computer facility was to monitor the metric data 
and provide near-real-time performance feedback to the 
DSN stations during critical periods. 
Telemetry &tu. Telemetry data monitoring, on a ran- 
dom basis, was to be performed by the operator at the 
DSN station as diagrammed in Fig. 21. The nonreturn- 
to-zero computer (NRZ-C) data and sync status from 
both the Pioneer GOE and the reproduce head of the 
FR-1400 tape recorder were to be recorded on the Con- 
solidated Electrodynamics Corporation (CEC) oscillo- 
graph. In addition, a dual-beam oscilloscope was to be 
connected to both the FR-1400 input and reproduce 
output of the 2.048-kHz telemetry data stream. 
The CEC oscillographic data provided a record of the 
DSN station receiver in- and out-of-lock history and 
FR-1400 recording history. The real-time analysis of the 
FR-1400 recording performance was to be made by a 
visual comparison of the telemetry data stream from the 
DSN station receiver with that recorded on the FR-1400. 
Summary reports concerning telemetry recovery have 
been published weekly during the mission. The reports 
ta requirements 
oneer Vlll missio 
Type of data 
Premission 
statistical 
data from 
Deep 
Space 
Stations 
Premission 
calibration 
data from 
Deep 
Space 
Stations 
Log data 
(other than 
mognetic 
recordings) 
Station 
calibration 
and 
checkout 
sheets 
Specific requirements 
Predictions (consisting of ontenna angles, transmit and 
receive VCOs frequencies, doppler frequency vs time 
for a proboble mission, AFETR and CCFb launch 
predicts, etc.) 
Telemetry test tapes 
Tracking data test tapes 
Command tapes 
Telemetry calibration book 
Command System modulation index 
Calibration data sheets containing: 
Measured system noise temperature 
Optical boresight angle readouts 
RF boresight shift vs polarization 
RF boresight vs signal strength (-100, -1 10, 
Receiver threshold sensitivity at various bandwidths 
Telemetry channel threshold sensitivity (75% in-lock 
Serial number of test transponder used in tests 
Loss from test transponder output connector to low- 
noise-amplifier input connector 
Signal level vs AGC' and channel 6 VCO frequency 
from -90 dBm to threshold in 5-dB increments 
Star tracking data 
Measured antenna gain 
Measured maser gain 
Measured paramp gain 
Loss from feedhorn output connector to low-noise- 
Antenna radiation and polarization patterns 
Feedhorn ellipticity 
-120, -130,and -140 dBm) 
signal level) 
amplifier input connector 
Station identification 
Time (GMT) of start and finish of record 
Date record was made 
Record identification 
Mission designator 
Station identification 
Date of record 
Purpose of data (pretrack or posttrack calibration, etc.) 
Time (GMT) of record 
Name of operotor 
Mission designator 
WCO = voltage-controlled oscillator. 
bCCF = Central Computing Facility. 
CAGC = automatic gain control. 
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Table 25. Pioneer data monitoring 
Phase Period Monitor frequency 
1 L to  L+3 d a y s  Continuous 
Every 4 h (L t o  L+20 h) 
Every 8 h (Lf20 t o  L f 7 2  h) 
Within 12 h of a 2 - w a y  pass 
Within 72 h of a 2 - w a y  pass 
2 
3 
L+3 t o  L f 3 0  d a y s  
L+30 days  t o e n d  of 
nominal mission 
cover telemetry demodulator in-lock times for each pass, 
and contain such data as a tabulation of the percentages 
of gross coverage by station and network. Percentages 
were derived by abstracting receiver in- and out-of-lock 
times and demodulator in-lock times from the posttrack 
reports of the DSN stations. These times are added and 
then divided by the scheduled tracking period of each 
station for each pass to give overall percentage coverage. 
Telemetry data validation. The Deep Space Station 
would play back a random 10-min sample of each FR-1400 
tape to verify that the Pioneer GOE could lock up to 
the recorded 2.048-kHz telemetry stream. 
SPACE FLIGHT OPERATIONS FACILITY 
FROM DEEP 
SPACE STATION 
MAGNETIC TAPE 
(VALIDATION 
SUMMARY) 
DOCUMENT 
CONTROL 
I PROJECT OFFICE ORIGINAL 
MAGNETIC 
TAPE AND 
TELEMETRY 
PROCESSING 
STATION 
DATA QUALITY LOG 
(VALIDATION SUMMARY) 
PERFORMANCE 
ANALYSIS 
A summary of the tape-playback performance was 
included in the data package forwarded to Operational 
Document Control in the SFOF. 
DSN station logs. The Deep Space Stations employed 
a comprehensive logkeeping and reporting system to 
provide a complete record of system performance. 
Any equipment outages or suspected malfunctions 
causing loss of data or spacecraft signal were to be 
immediately reported by voice to the network control 
area and documented by teletype reports and station 
logs. The station pretrack reports, tracking reports, and 
posttrack reports reflect all equipment anomalies plus 
such station parameters as prepass calibration and post- 
pass calibration of a Deep Space Station. These reports 
spell out the DSN performance in support of the as- 
signed mission before, during, and after all tracking 
passes. Station logs and network control logs further 
reflect (in hours, minutes, and seconds) all equipment 
failures or loss of data encountered during any tracking 
pass. In addition, the operational voice circuits to the 
Deep Space Stations from the network control area are 
recorded by the JPL communication center. 
DEEP SPACE STATION DUAL-BEAM ' r - 4  OSCILLOSCOPE k-- 
--- 
FR 1400 
FROM DEEP SPACE I 
'-- TELEMETRY INSTRUMENTATION TRACK I NONRETURN-TO-ZERO FACILITY 
COMPUTER DATA 
I I 
CONSOLIDATED 
ELECTRODYNAMICS 
CORPORATION 
OSCILLOGRAPH 
CHANNEL 32 
CHANNEL 33 I-- 
_- I 
CHANNEL 34 L i DISCRIMINATOR t- -----.I 
Fi ioneer telemetry 
GROUND 
OPERATIONAL 
EQUIPMENT 
SYNC STATUS 
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Initial acquisition of spacecraft by DSN. In addition 
to preflight standard trajectory information and space- 
craft telecommunication system design parameters, the 
Pioneer Project provided to the DSN an indication of 
the normality of spacecraft injection in real-time to assist 
the initial acquisition of the spacecraft by the DSN. The 
DSN furnished to the Pioneer Project a medium-accuracy 
orbit based on tracking data received from the Deep 
Space Stations. The accuracy of this orbit was to be as 
follows: 
(1) Injection: 10 km and 2-Hz two-way doppler. 
(2) Injection-tlO days: 200. km and 5-Hz two-way 
doppler. 
(3) Injectionf180 days: 1000 km and 5-Hz two-way 
doppler. 
An orbit was to be furnished as soon as possible after 
launch, and updated at least monthly. 
Equipment 
The equipment that was required to be operational at 
the Deep Space Stations to qualify each initial-acquisition 
station in a go status at launch is listed in Table 26. 
3. Ground Communications Facility. Figure 22 is a 
schematic diagram of the planned communication lines, 
as described. As indicated in this diagram, the DSN in- 
ternal communication requirements included communi- 
cation lines between the committed DSN stations and 
the SFOF. A minimum requirement was that there be 
at least two teletype and one voice circuit operational 
between each DSN station and the SFOF. 
Communication circuits committed to support the 
Pioneer Project consist of NASCOM circuits to the over- 
seas stations and AFETR area, and DSN circuits to 
Goldstone utilizing the JPL/GoIdstone microwave link. 
a. NASCOM circuits. Technical control of all NASCOM 
circuits is the responsibility of GSFC. This is defined as 
the continuous function of maintaining the continuity 
Table 26. Deep Space Station support requirements 
Paramp 
Receiver (1 or 2) 
SAA' and microwave 
SCM and microwave 
Exciter 
Transmitter 
Servo 
Tracking data handling 
Doppler 
Frequency and timing 
FR-1400 magnetic tape recorder (two) 
DISC (alpha) 
DIS (beta) 
SDS-910 computer 
Power 
Equipment air conditioner 
Pioneer G O E ~  
Microwave link to DSS 12 
~ 
DSS 11 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
DSS 12 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Station 
DSS 41 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
%AA = S-band acquisition aid (antenna system). 
bSCM =i S-band carsegrainian monopulse (antenna system). 
CDlS = digital instrumentation system. 
dGOE = ground operational equipment. 
DSS 51 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
DSS 62 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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and integrity of the communication circuits. The major 
policies and procedures used in accomplishing this re- 
sponsibility are as follows: 
Provide and maintain sufficient order wire facilities 
to remote facility control points; commercial and 
overseas carriers’ toll test centers and primary 
routing points; JPL Communications Control for 
circuit and facilities coordination, trouble report- 
ing, and fault location. 
Establish backup circuits and prepare diverse 
routing plans. 
Establish working relationships with the various 
communications carriers and establish mutual 
service-restoral plans. 
Provide for the technical and administrative super- 
vision of technical control centers at the primary 
switching and subswitching centers. 
Mission operations control. In coniunction with 
technical control, JPL Communications Control had the 
responsibility for mission operational control of all com- 
munication circuits used to support the Pioneer Project. 
This included the control of the entire DSN ground 
communications facility as an entity, including the com- 
munication centers at the remote stations and the com- 
munication facilities linking them with the Mission 
Control Center. 
JPL Communications Control was to make sure that 
no marginal circuit was taken out of service for cor- 
rective action or for any other reason without prior 
approval of the SFOD or his authorized representative. 
All technical control tests and routine maintenance tasks 
were to be performed on a noninterference basis with 
respect to mission simulations and flight operations. JPL 
Communications Control was also to see that all mission 
and mission-related traffic had absolute priority on com- 
munications facilities devoted to mission support. 
As part of the concomitant responsibility, Communi- 
cations Control was to provide facilities and personnel 
to perform circuit quality monitoring, testing, and anal- 
ysis of circuit performance. This was accomplished by 
using the following: 
(1) Signal quality monitoring devices that serve as 
alarms and indicate when distortion levels of in- 
coming data on teletype circuits exceed certain 
predetermined levels (normally 20 to 25% dis- 
tortion). 
A Stelma analyzer (DAC-5) that provides distortion 
and bias readings as either average, peak, or indi- 
vidual (marking or spacing bias); scope presenta- 
tion of an incoming or outgoing teletype signal for 
visual analysis; and test patterns or individual 
letter tests at various speeds and desired amounts 
of distortion. 
A comprehensive method of recording circuit out- 
ages using trouble tickets and communication logs. 
Communications Control established uniform and effi- 
cient DSN communications-related operating procedures 
and disciplines, requested and confirmed special or crit- 
ical coverage from cognizant agencies during critical 
periods of the Pioneer VZZZ mission, conducted circuit 
optimization testing on all circuits before release for 
mission support, and conducted periodic circuit assur- 
ance tests on all idle circuits during mission support 
periods. 
c. JPL/Goldstone circuits. The procedures and policies 
used in maintaining the quality of circuits to Goldstone 
(DSS 12) are identical, where applicable, to those de- 
scribed for NASCOM circuits. In addition, microwave 
alarms were available that indicated loss of pilot tone or 
any other type of microwave outages on either a group 
or a microwave channel. 
It was anticipated that use of the prepared policies, 
procedures, and hardware, along with the addition of 
the signal quality monitoring devices and microwave 
alarms, would result in optimum communications support 
of the Pioneer VZZZ data-validation effort. 
d. Launch-support requirements: 
Between JPL Operations Center at AFETR (Build- 
ing AO) and SFOF: three voice networks (AFETR, 
status, and mission director) and three duplex 
teletype circuits (one for raw and two for com- 
puted data). 
Between DSS 71 and SFOF: one voice network 
and one teletype circuit (for frequency reports). 
Between DSS 41 and SFOF: one voice network 
and one duplex teletype circuit (for predicts and 
tracking data). 
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(4) Between DSS 51 and SFOF: one voice network 
and one duplex teletype circuit (for predicts and 
tracking data). 
(5) Between DSS 62 and SFOF: one voice network 
and one duplex teletype circuit (for predicts and 
tracking data). 
(6) Between DSS 12 and SFOF: one voice network 
and one duplex teletype circuit (for predicts and 
tracking data). 
(7) Between DSS 11 and SFOF: one voice network 
and one duplex teletype circuit (for predicts and 
tracking data). 
(8) Between SFOF and ARC: one voice network and 
one duplex teletype circuit (for Stanford predicts 
and Type I1 maneuver data). 
e .  Launch constraints. The Class I1 launch constraints 
were the same as the DSN launch requirements. Class I 
launch constraints were as follows : 
(1) Between JPL Operations Center at AFETR and 
SFOF: one voice network (AFETR network) and 
one teletype circuit. 
and one teletype circuit. 
and one teletype circuit. 
(2) Between DSS 71 and SFOF: one voice network 
(3) Between DSS 41 and SFOF: one voice network 
(4) Between DSS 51 or 61 and SFOF: one voice net- 
(5)  Between DSS 12 or 11 and SFOF: one voice net- 
work and one teletype circuit. 
work and one teletype circuit. 
4. Receiving and processing mission data tapes. This 
subsection briefly describes the requirements pertaining 
to the receiving and' processing of Pioneer VZIZ mission 
data tapes for quality control and validation that took 
place in the SFOF. 
a. Operational Data Control. Control of data coming 
into the SFOF from the Deep Space Stations was main- 
tained to ensure proper handling and distribution. This 
control was performed in accordance with specified 
SFOF procedures. 
Received tracking data were forwarded to distribution 
in the flight-path analysis area (FPAA) and to the SFOD 
and his assistant for purposes of trajectory computations 
in accordance with the commitment document. Valida- 
tion was performed by FPAC personnel. 
Science data were separated from the engineering data 
subcommutator at the Deep Space Stations by computers 
and recorded on magnetic tapes. The tapes were mailed 
to the SFOF, then forwarded to ARC. 
Magnetic tapes of recorded data received from the 
Deep Space Stations were forwarded by SFOF personnel 
to the TPS for duplicating and processing. After proces- 
sing, the original tapes were returned, along with the 
duplicate and one copy of the data log, for shipment to 
the Pioneer Project Office at ARC. 
b. Telemetry processing station. The TPS complex in 
the SFOF provided one duplicate magnetic tape of each 
original Deep Space Station magnetic recording received. 
During the duplicating process, TPS personnel were 
required to ascertain that the recording technique was 
correct and that telemetry data, as well as station per- 
formance information, were available. Further validation 
included the following: 
Monitoring and verification of recording levels. The 
quality of a recording was determined by applying 
quality control devices such as spectrum analyzers and 
bit-error detectors. Verification was also made that 
information was recorded in the proper standard being 
used by the Deep Space Stations. 
Inspecting recorded data for continuity. A data-time 
correlation was performed to determine that data drop- 
out was not excessive and that data rates did not exceed 
the limitations of processing equipment. 
All data validation was done on the duplicated tapes. 
Copies of TPS validation reports were returned to the 
Deep Space Station for inclusion in the station per- 
formance summary report. 
e. Computer. At least one of the two computer strings 
in Mode 2 was required to be operational. A computer 
string in Mode 2 consists of an IBM 7044 computer and 
an IBM 7094 computer with a 1301 disk storage unit 
connected in tandem. This computer string was used by 
the FPAC team to compute acquisition prediction infor- 
mation for use by the Deep Space Stations and the 
Stanford tracking station, and to determine the best 
estimate of the actual spacecraft orbit so that accurate 
Table 27. Classification of mission data re trajectory information would be available to Pioneer 
Project personnel. 
d.  Data flow and processing. Pioneer mission opera- 
tions are concerned with real-time, quick-look, and non- 
real-time telemetry data requirements. Table 27 lists the 
mission data requirements. 
Real-time data. These data were to be received in real- 
time via hardline or radio communication link. They were 
then to be displayed on-line in the user areas as rapidly 
as operational priorities would permit. Data are classified 
as real-time if they are received at the SFOF within 
5-10 min after receipt by the Deep Space Stations (see 
Table 27). 
Quick-look data. These are selected data extracted 
on-site by the SDS-910 computer and transmitted in 
real-time to the SFOF upon request by the SFOD. These 
data are monitored in the Pioneer mission support area 
and simultaneously transmitted to the ARC data proces- 
sing center and TRW. 
Non-real-time data. These are data received at the 
SFOF either in the form of magnetic tape recordings or 
of delayed transmission from a communications link more 
than 30 min after receipt of data at the Deep Space 
Station (see Table 27). 
The flow from the SFOF includes acquisition and 
tracking information and commands for the DSIF, general 
status information, and spacecraft performance data. All 
Deep Space Station flight data are forwarded within 
48 h to SFOF document control at JPL. 
The incoming data circuits are routed through the 
communications center to the teletype machines and 
closed-circuit TV in the user areas. 
e.  Launch support requirements. 
C h s  I: 
(1) Either RTCF or FPAC team and data processing 
system in a go status. 
(2) Track area in a go status. 
(3) Essential internal SFOF communications to oper- 
ate in a nonstandard mode. 
Class 11: 
(1) Communication processor in a go status. 
Function 
Data demodulation' 
Data decommutatian' 
Analog-to-digital conversion 
Data formatting' 
Data logging 
Engineering units conversion 
Alarm monitoring 
Orbit determination 
Trajectory computation 
Spacecraft orientatione 
Command generation' 
Command verification' 
Scientific data calibration 
Engineering data analysis 
Scientific data analysis 
Premirsion tests and training 
Tape dubbing at ARC 
Real- 
timea 
X 
X 
X 
X 
Xd 
Xd 
X 
X 
X 
X 
Xd 
Xd 
X 
Non-real- 
timeb 
aReal-time = 5 to 10 min after acquisition by DSN. 
bNon-real-time = magnetic tape via airmail after acquisition by DSN. 
=To be done at Deep Space Stations. 
%elected dato. 
=To be done at Goldstone. 
*To be initiated at the SFOF but generated at Deep Space Stotions. 
(2) Communication area support in a go status. 
(3) Data processing system in a go status. 
(4) Data chief area in a go status. 
(5) Data control area in a go status. 
(6) FPAC team in a go status. 
(7) Track area support in a go status. 
(8) Internal SFOF communications in a go status. 
(9) Television monitors in a go status. 
(10) Simulation Data Conversion Center (SDCC) sup- 
port from L - 5  to L - 3  h. 
The frequency reports transmitted from DSS 71 to the 
SFOF between L - 8 and L - 1 day and at L - 90, L -30, 
and L-5 min on launch day included the following: 
(1) Spacecraft transmitter one-way frequency measure- 
ment. 
(2) Spacecraft auxiliary oscillator temperature (in 
degrees Fahrenheit) measured coincident with 
item (1). 
(3) Time (GMT) of measurement of items (1) and (2). 
(4) Spacecraft receiver best-lock frequency. 
(5)  Spacecraft transmitter two-way frequency corre- 
sponding to spacecraft receiver best-lock frequency. 
(6) Spacecraft receiver temperature at time of item (5)  
(7) Spacecraft receiver static phase error, in volts, cor- 
responding to spacecraft receiver best-lock fre- 
quency. 
measurement. 
(8) Spacecraft receiver serial number. 
(9) Auxiliary oscillator driver serial number. 
111. Pioneer Vlll Tracking and Data System 
Configuration 
A. Near-Earth Phase Configuration 
For near-earth support, the TDS was composed of 
selected resources of the AFETR, MSFN, NASCOM, and 
DSN. Within each agency, specific supporting stations 
were as listed in Table 28. 
Based on trajectory data and requirements, the TDS 
agencies selected the appropriate metric and telemetry 
data-acquisition instrumentation from resources available 
at the sites listed in Table 28. Particular attention was 
paid to Class I intervaIs to assure a high probability of 
providing the required coverage. The specific resources 
allocated to support the near-earth phase of Pioneer VIII 
are provided in Table 29. 
1. Metric datu. The AFETR was the primary agency 
responsible for meeting metric requirements during the 
launch and earth-orbital mission phases. The addition of 
MSFN radar instrumentation to that of the AFETR 
provided the required coverage with a reasonable degree 
of redundancy. Radars listed in Table 28 tracked the 
Agenu C-band beacon in meeting both launch-vehicle 
and spacecraft metric requirements. In addition, the 
AFETR optical tracking instruments provided accurate 
metric data from liftoff to 5000 ft. 
Figure 23 illustrates the configuration of the metric 
system and data flow that supported the early launch 
phase. Optical instruments as well as C-band radars are 
shown. 
Table 28. Near-earth phase facilities 
Agency 
Air Force Eastern Test 
Range 
Manned Space Flight 
Network 
NASCOM 
JPL facility at AFETR 
Deep Space Network 
'AFB = Air Force Bare. 
Station and location 
Station 1 -Cape Kennedy/Patrick AFB,' Fla. 
Station 3-Grand Bahama Island 
Station 7-Grand Turk Island 
Station 9.1 -Antigua Island 
Station 12-Ascension Island 
Station 1 3-Pretoria, South Africa 
RISb Twin Falls-South Atlantic 
RIS Coastal Crusader-South Atlantic 
Bermuda Island station 
MSFN/USBC site-Ascension Island 
Tananarive site-Malagasy 
Carnarvon site-Australia 
Goddard Space Flight Center, Md. 
Guam Island-Marianas Islands 
Hawoii-Hawaiian Islands 
Worldwide facilities of NASCOM provided 
communications between supporting agencies 
Building A 0  at Cape Kennedy, Fla. 
DSS 71-Cape Kennedy, Fla. 
DSS 72-Ascension Island 
DSS 51 -Johannesburg, South Africa 
SFOF-Pasadena, Calif. 
bRlS = Range Instrumentation Ship. 
fUSB = unified S-band. 
As shown in Fig. 23, it was planned that the AFETR 
radars aboard RIS Twin Falls and at Grand Turk, 
Antigua, Ascension, and PretoTia would provide real-time 
parking-orbit and solar-orbit metric tracking data to JPL 
for relay to the SFOF. Radar data from the MSFN 
radars at Bermuda, Tananarive, or Carnarvon were also 
to be used. 
In addition to relaying these data to JPL, the AFETR 
Real Time Computing Facility was to use the data to 
compute orbital elements and injection conditions (park- 
ing orbit and theoretical and actual solar orbits), which 
would be transmitted to JPL in the following formats: 
(1) Standard JPL orbital message format. 
(2) AFETR interrange vector. 
(3) AFETR standard orbital parameter message 
(SOPM). 
The DSN and MSFN acquisition information, based on 
the parking orbit plus theoretical second-burn and actual 
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Table 29. AFETR and station facilities 
Station 
Cape Kennedy area 
Patrick AFB 
Cape Kennedy 
Kennedy Space Center 
Grand Bohamo 
Grand Turk 
Antigua 
Ascension 
RIS Pretoria 
Bermuda 
rananarive, Malagasy 
Carnarvon, Australia 
RIS Twin Folk (1 5-knot 
cruising speed) 
a3-ft-diam antenna only. 
Tracking capability 
(radar type) 
AFETR stations 
C-band 
0.1 8 (FPQ-6) 
1.16 (FPS-16) 
19.1 8 (TPQ-18) 
C-band 
3.1 6 (FPS-16) 
3.1 8 (TPQ-18) 
C-band 
7.1 8 (TPQ-18) 
C-band 91.18 (FPQ-6) 
C-band 
12.1 6 (FPS-16) 
12.1 8 (TPQ-18) 
C-band 13.1 6 (MPS-25) 
MSFN stations 
C-bond (FPS-16 and 
FPQ-6) 
C-band (Capri) 
C-band (FPQ-6) 
AFETR ships 
C-band (FPS-16) 
Telemetry 
capability 
VHF and S-band 
(Tel-4) 
VHF 
VHF 
VHF and S-band 
VHF and S-band 
VHF and S-band' 
VHF 
VHF 
VHF 
VHF and S-band 
solar-orbit computations, would be prepared and for- 
warded by the RTCF. In addition, the AFETR was to 
transmit interrange-vector messages and DSS 72 predicts 
directly to DSS-72, where solar-mapping messages would 
be prepared. After the single-station solutions had been 
found, the RTCF was to compute (and transmit to JPL) 
recursive accumulative solutions of the actual solar orbit. 
An I-matrix and a solar-mapping message based on each 
solution were to be included. 
It was expected that the AFETR would have no diffi- 
culty in satisfying the requirement for 60 s of tracking 
immediately following parking-orbit injection. However, 
problems were anticipated in providing the 60 s of tracking 
coverage required during the transfer orbit at injection. 
A tracking ship in the South Atlantic enhanced the 
probability of injection tracking. However, the ship and 
Pretoria were both supporting on a best-obtainable basis 
because of the late delivery of third-stage antenna pat- 
terns. Carnarvon was to be used to provide backup to 
these stations for third-stage tracking. 
2. Telemetry. The first- and second-stage vehicle was 
to radiate one PDM/FM/FM telemetry link. The fre- 
quency of the first-stage link was 228.2 ~ 0 . 1 2 5  MHz. The 
frequency of the second-stage link was 234.0 k O . 1 2 5  
MHz. The subcarrier configuration of each link is shown 
in Table 30. During the minus count, and until LOS at 
approximately L+5 min, DSS 71 was to transmit space- 
craft science and engineering data to Building A 0  for 
routing to the SFOF and Building AM. Following this, 
and until approximately L +48 h, spacecraft telemetry 
data from each Deep Space Station tracking the space- 
craft were to be transmitted to Building A 0  for routing 
to Building AM. Figure 24 shows the communication 
routing configuration to support this portion of the 
Pioneer VI11 mission. 
The uprange AFETR and MSFN stations were to be 
used to meet the VHF telemetry requirements from 
launch through transfer-orbit injection. It was expected 
that these requirements would be satisfied by the com- 
bined support of the MSFN stations and AFETR stations 
and tracking ships. 
The Class I intervals for S-band telemetry coverage 
(spacecraft telemetry) were specified as follows: from 
shroud separation to second-stage cutoff plus 120 s, and 
from third-stage spinup to spacecraft separation. These 
were to be covered by the AFETR stations. No figure 
outlining coverage intervals was available, as coverage 
was on a best-obtainable basis only. 
Table 30. Subcarrier link data 
Signal, kHz 
0.40 
2.30 
3.00 
3.90 
5.40 
7.35 
10.50 
14.50 
22.00 
40.00 
70.00 
Application 
Continuous 
Continuous-link 
Continuous-link 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
k 1 5 %  continuous 
k 1 5  % continuous 
* I S %  commutated 
Characteristics 
- 
228.2 MHZ only 
228.2 MHz only 
- 
45 X 20, PDM 
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CRAFT 
Fig. 24. Spacecraft telemetry data transmission 
(engineering and science) 
SPACECRAFT MOPS CHANNELS 
3. Rea2 Time Computing Facility. The AFETR Real 
Time Computing Facility at Cape Kennedy, using CDC 
3600 computers, processed metric data received from the 
AFETR and MSFN sites. An important function during 
the near-earth phase was the computation and trans- 
mission of acquisition information to the various TDS 
sites supporting the mission. 
The RTCF used metric data for orbital computations 
and planetary mapping to meet trajectory-definition 
requirements. Various computer runs were made, based 
on actual parking-orbit conditions, estimated and actual 
transfer-orbit conditions, and actual postposigrade 
conditions. 
The RTCF retransmitted teletype data from all radars 
to GSFC in octal format, and converted AFETR radar 
teletype data to decimal format for transmission to the 
JPL/AFETR operations center at Cape Kennedy via 
100-wpm teletype circuits. Another function of the RTCF 
was to receive high-density data from Bermuda and 
Carnarvon radars, convert them to decimal format, and 
transmit the informFtion to Building AO. The JPL per- 
sonnel at Building A 0  selected appropriate metric data 
for retransmission to the SFOF via teletype as required. 
4. Data dissemination. 
a. Countdown phase. During the countdown phase 
(Fig. 25), the status coordinator received status infor- 
mation from the TDS coordinator and JPL, and by 
monitoring appropriate launch-vehicle and spacecraft 
mission operations paging systems (MOPS) channels. 
MSFN STATUS 
NETWORK 
MSFN 
COORDINATOR 
- 
MOPS = MISSION OPERATIONS PAGING SYSTEM 
OVCS = OPERATIONAL VOICE COMMUNICATIONS SUBSYSTEM 
STATUS 
COORDINATOR 
during cowntdow 
RAN 
J PL 
STATUS NETWORK 
STATUS 
STATUS 
COORDl NATOR 
CHANNEL 
DISPLAY 
OPERATOR 
OPERATIONS 
CENTER 
STATUS 
DISPLAYS 
STATUS 
OPERATIONS 
CENTER 
CONSOLES 
COORDINATOR 
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The TDS coordinator received information on the 
status and readiness of MSFN and AFETR systems, sta- 
tions, and ships via the MSFN status network and the 
green phone from the Superintendent of Range Opera- 
tions (SRO). This information was forwarded to the 
status coordinator via face-to-face communication. 
Also, JPL received information on the status and readi- 
ness of each of the elements of the DSN via the SFOF 
operational voice communications subsystem (OVCS), 
and forwarded this information to the status coordinator 
over the status network. 
In addition to the two-way exchange of status infor- 
mation on the status network, status information was 
disseminated by the status coordinator within the opera- 
tions center through use of the status displays discussed 
above and by announcements on the internal status 
coordinator channel. 
b. Near-earth flight phase. Following liftoff, the flow 
of status information differed from that during the count- 
down phase, both in sources of information and in the 
type and routing of information. The time (GMT) of 
in-flight events was received from the SRO on MOPS 
Table 31. Flow of status information during near-earth flight phase 
Information 
channel 15 and from the MSFN network controller on 
the MSFN status network. 
The operations center converted the GMT of d e  
events to ‘launch-plus” times expressed in seconds. These 
times plus the original GMT times were announced on 
the status network by the status coordinator, forwarded 
to the TDS analyst, and displayed on the operations 
center display board. After consultation with personnel 
at the Mission Director’s Center (MDC), the TDS analyst 
coordinated with FPAC on the AFETR network to deter- 
mine the times that were used in SFOF computations. 
The dissemination of other status information reported 
during the near-earth flight phase is described in 
Table 31. 
5. Joint fuciZities. The facilities of the field station 
supporting the Pioneer VIII mission are the JPL/AFETR 
operations center and the JPL/AFETR communication 
center, both in Building AO. 
The station at Cape Kennedy (JPL/DSS 71) was used 
extensively, participating in the prelaunch, launch, and 
near-earth operations of the Pioneer Project. 
General commentary summarizing flight 
performance data in real-time 
General commentary evaluating launch- 
vehicle telemetry in real-time 
General commentary evaluating flight- 
path data in real-time 
liftoff report 
AOS/lOSC reports 
RTCF status and performance 
Tracking and computed data flow status 
BSN status and performance 
Source 
KSC/ULO’ announcements on 
channel 2 
KSC/ULO announcements on 
channel 11 based on 
launch-vehicle telemetry 
displays in Hangar AE 
KSC/ULO announcements on 
channet 13 based on 
range safety plotting 
boards 
S R O ~  announcement on 
channel 15 based on 
range timing 
SRO announcement on 
channel 15 
JPL data coordinator 
JPL/AFETR communication 
center 
SFOF 
*KSC/ULO = Kennedy Space Center/unmanned launch operations. 
bSRO = Superintendent of Range Operations. 
CAOS/LOS =- acquisition of rignal/lon of signal. 
Routing 
Monitored by status coordinator; reported to SFOF on status network 
Monitored by status coordinator; reported to SFOF on status network 
Monitored by status coordinator; reported to SFOF on status network 
Monitored by status coordinator; reported to SFOF on status network; 
displayed in operations center 
Monitored by status coordinator; reported to SFOF on status network; 
displayed in operations center by flashing station titles 
Reported to FPAC on AFETR network 
Monitored by status coordinator via closed-circuit TV; reported to SFOF on 
status network 
Reported to status coordinator on status network; displayed in operations 
center; announced over status coordinator channel 
The JPL/AFETR field station was to support the 
Pioneer VIII mission launch-phase operations by pro- 
viding the necessary operational interface between Project 
elements at the SFOF in Pasadena, the AFETR and 
Project elements at the AFETR, and the MSFN at 
Goddard Space Flight Center. This Operational interface 
comprised the following activities: 
the JPL/AFETR operations center. The operations center 
contained status displays that indicated the status of all 
participating elements of the operation, a timing system, 
and consoles for the operating personnel. 
status displays. There are four display boards in the 
operations center. One of these, the operational status 
Monitoring and informing Project personnel in 
MDC, JPL/AFETR operations center, and SFOF 
of status of MSFN and AFETR stations, ships, and 
equipment; launch-vehicle and spacecraft status; 
progress through countdown; and occurrence and 
time of in-fight events. 
Receiving and infonning Project personnel at Cape 
Kennedy of reports on status of DSN systems, 
stations, and equipment and their readiness to 
support the mission. 
Providing liaison between FPAC group and AFETR 
Real Time Computing Facility through JPL data 
coordinator at RTCF. 
Receiving MSFN and AFETR metric tracking 
data and computed data-including injection con- 
ditions, orbital elements, and Deep Space Station 
acquisition information-and retransmitting these 
data to SFOF. 
Receiving RTCF orbital information and retrans- 
mitting it to Building AE. 
Receiving Deep Space Station tracking data for 
use in RTCF orbital computations from SFOF and 
retransmitting these data to RTCF. 
Routing spacecraft engineering and scientific 
telemetry data from DSS 71 to Building AM and 
SFOF, and DSN spacecraft telemetry data from 
SFOF to Building AM. 
Coordinating launch-phase TDS activities, per- 
forming analyses of current readiness during count- 
down, and evaluating TDS performance during 
near-earth phase. 
(9) Providing necessary communications and status in- 
formation, through use of JPL/AFETR operations 
and communication centers, to allow effective 
control and coordination of TDS and mission 
operations during launch-countdown and near- 
earth phases. 
a. Joint operations center. Control of JPL/AFETR 
operations during the launch phase was exercised from 
display board, is used to indicate current operational 
status of Cape Kennedy instrumentation sites, the space 
vehicle, and communication links. Another, the in-flight 
events display board, is used to display the time of 
significant in-flight events. The AFETR and DSS status 
display boards are used to indicate the status of the 
participating AFETR facilities and Deep Space Stations. 
Television monitors display the range safety flight-line 
and program-line TV signals. These are part of a system 
for monitoring the flight path of the vehicle, both in the 
plane of the flight azimuth (flight-line) and normal to 
the plane of the flight azimuth (program-line). Finally, 
an optically projected map display (a map of the world 
projected onto the status board wall) shows the earth 
track of the flight azimuth and locations of key in-flight 
events. Colored circles, indicating metric coverage from 
each tracking station, are also superimposed on the map. 
Timing system. An automated timing system continu- 
ously displays Pacific, Eastern, and Greenwich Mean 
Time; countdown and launch-plus-time data; anticipated 
time to launch and actual liftoff time; accumulated hold 
time at any point in the countdown; and time remaining 
in the launch window for that day. 
Consoles. In addition to the integrated communication 
consoles used by each of the operators, there are two 
dual TV monitor consoles and the status display control 
console. Each of the integrated communication consoles 
contains a green phone switch panel, two communica- 
tions panels, and a communication control panel. 
During operations, the green phone switch panel is 
used to provide direct point-to-point circuits between 
major operating facilities and the operations center. 
These are private-line automatic-signaling circuits used 
by key personnel. The green phone system is operable 
from emergency power, which allows it to serve as a 
backup for the AFETR communications network. 
Table 32 shows the operational usage of green phone 
circuits. 
able 3 erational usage of green 
Circuit 
SRO' 
RCCb 
RTCF' 
DSS 71  
Building AE 
CNCd 
Building AM 
Operational usage 
Coordination of TDS activities and discussions of range 
status 
Discussions between JPL representative at RCC and 
JPL/AFETR operations supervisor 
Communication between operations center personnel 
and JPL data coordinator at RTCF relative to 
orbital computations and data transmission 
Coordination between DSS 71  and operations center 
Coordination between mission director and his staff 
and operations center 
Coordination between TDS coordinator and MSFN 
CNC relative to TDS activities and MSFN status 
Coordination between spacecraft personnel and 
operations center 
aSRO = Superintendent of Range Operations. 
bRCC = range control center. 
CRTCF = Real Time Computing Facilily. 
dCNC = Cope network coordinator. 
The AFETR communications panels provided party- 
line communications for operational testing. The panels, 
combined, provided the capability of monitoring 24 chan- 
nels. These channels were the prime communication links 
for the conduct of launch operations. Access to two cross- 
country voice circuits from the SFOF at Pasadena is 
provided by the communication control panel. This panel 
is also used to answer administration telephone calls, and 
can be connected to the green phone switch panel and 
the AFETR communications panels. 
Each of the two dual TV monitor consoles contains a 
dual small-screen TV monitor used to view the page 
printers for two of the outgoing teletype circuits to the 
SFOF. A separate permanent console is provided for 
status display. This console contains a range countdown 
indicator and control panels for the timing system and 
the status display boards. 
b. Joint communication center. The JPL/AFETR com- 
munication center contains the necessary equipment to 
provide (1) a local terminus and interfaces for voice, 
teletype, and data circuits from both the SFOF in 
Pasadena and the AFETR and local Project elements; 
and (2) local voice, teletype, and data circuits in support 
of prelaunch tests and launch operations. This equipment 
is described in the paragraphs that follow. 
Voice circuits. The communication center has the capa- 
bility of terminating up to 50 voice channels from various 
Cape Kennedy locations; any 24 of these can be patched 
into the communication system in the operations center. 
Figure 26 shows the voice-channel identification and 
routing indicators configured to support Pioneer VIII. 
To provide direct voice circuits to the SFOF in 
Pasadena, two commercially leased lines (NASCOM) are 
terminated in two 4-wire bridges. Special telephone 
panels, which allow certain administrative phones to be 
switched into the 4-wire bridge, provide a backup for 
the two leased lines. 
Teletype circuits. Six full-duplex, 60-wpm NASCOM 
teletype circuits from the SFOF are terminated in the 
JPL/AFETR communication center; three of these are 
routed on a "normal-through" basis to DSS 71. A local 
circuit from DSS 71 to the communication center is also 
provided. Nine incoming circuits from the AFETR are 
terminated in the communication center. These may be 
patched into six typing reperforators, which are operated 
taut-tape to six transmitter-distributors. These, in turn, 
can be patched to any of the outgoing circuits to 
Pasadena. Three additional local circuits, two from Build- 
ing AM and one from Building AE, are terminated in the 
communication center. These may be patched to any of 
the SFOF, AFETR, or DSS 71 lines. 
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Metric tracking data, injection conditions, orbital ele- 
ments, Deep Space Station acquisition information, and 
other operational messages were received at the JPL/ 
AFETR communication center on nine half-duplex, 100- 
wpm teletype circuits from the RTCF. These data were 
retransmitted to the SFOF on three full-duplex, 60-wpm 
circuits. An additional three full-duplex, 60-wpm circuits 
-from the SFOF to DSS 71-were used for DSN opera- 
tional traffic. One half-duplex, 60-wpm circuit was used 
to relay RTCF orbital elements from the JPL/AFETR 
communication center to the mission control center in 
Building AE, and two full-duplex, 60-wpm circuits were 
used to transmit spacecraft information to BuiIding AM 
from DSS 71 during the countdown and from DSS 51 
during flight. 
Data circuits. A NASCOM data line is routed between 
the SFOF and the JPL/AFETR communication center. 
This line is terminated in a patch panel in the communi- 
cation center that allows either digital or analog data to 
be patched in. The data line also provides an alternate 
capability for voice use. 
c. JPL/AFETR operational support. The JPL/AFETR 
field station was to support the launch-phase operations 
of the Pioneer VI11 mission by providing the necessary 
operational interface between Project elements at the 
SFOF in Pasadena and the AFETR and Project elements 
at the AFETR. This facility, operated by JPL/AFETR 
field station personnel, provides the necessary communi- 
cations and status information to allow effective control 
and coordination of TDS and mission operations during 
the launch countdown and near-earth flight phases. 
The operations center, which acts as an operational 
interface, comprises the following activities: 
Monitoring and informing Project personnel in 
SFOF of status of AFETR stations, ships, and 
equipment; launch-vehicle and spacecraft status; 
progress through countdown; and occurrence and 
time of in-flight events. 
Receiving and informing Project personnel at Cape 
Kennedy of reports on status of SFOF and Deep 
Space Stations and equipment, and their readiness 
to support the mission. 
Providing liaison between FPAC group and RTCF 
through the JPL data coordinator at the RTCF. 
Receiving AFETR metric tracking data and com- 
puted data-including injection conditions, orbital 
elements, and Deep Space Station acquisition infor- 
mation-and retransmitting them to the SFOF. 
(5) Receiving RTCF orbital information and retrans- 
mitting it to Building AE. 
(6) Receiving Deep Space Station tracking data for use 
in RTCF orbital computations from the SFOF, and 
retransmitting these data to the RTCF. 
(7) Relaying spacecraft telemetry data from DSS 71 to 
the SFOF and to Building AM. 
(8) Receiving (from SFOF) spacecraft telemetry data 
from DSS 51 and retransmitting these data to 
Building AM. 
Personnel responsibilities at the JPL/AFETR opera- 
tions center are described in the paragraphs that follow. 
Operations center coordinator. The operations center 
coordinator exercises control of JPL/AFETR operations 
during the launch operations. He supervises the overall 
activities within the operations center, and acts as net- 
work controller for the operations center network and 
the AFETR stations of the cross-country AFETR net- 
work. He and the SRO coordinate the prelaunch and 
in-flight flow of tracking data from the RTCF and Cape 
Kennedy communications control to Building AO. 
Status coordinator. The status coordinator acts in the 
capacity of assistant operations center coordinator and 
as network controller for the status coordinator network 
(internal operations center network) and the AFETR 
stations of the cross-country status network. He receives 
and disseminates status information from the SFOF in 
Pasadena and from the AFETR and local Project ele- 
ments, and ensures that all status displays are current 
and correct. 
Status display operator. The status display operator 
monitors appropriate communications networks for status 
reports, and operates the display boards that indicate the 
status of the different elements of the mission. In addi- 
tion, he operates the control panel for the operations 
center W i n g  system. 
Communication center coordinator. The communica- 
tion center coordinator supervises data handling and 
transmission activities within the communication center 
and coordinates-with the operations center and SFOF 
communication center-the overall operation of the com- 
munication center in support of the mission. 
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Equipment room and message center operators. The 
equipment room and message center operators operate 
the data handling and transmission equipment within 
the communication center. They perform the necessary 
patching of voice, teletype, and data circuits to establish 
the proper circuit configurations for the mission. 
JPL Deep Space Network representatiue. The JPL 
Deep Space Network representative monitors DSN activ- 
ities and acts as local advisor to the mission director and 
operations center personnel on DSN matters. 
JPL data coordinator. The JPL data coordinator acts 
in conjunction with the FPAC group to coordinate RTCF 
operations in the area of computation of orbital and 
Deep Space Station acquisition information, and in re- 
formatting and transmission of metric tracking data. 
JPL Project representative. The JPL Project representa- 
tive performs a liaison function between the SRO and the 
JPL/AFETR operations center. He monitors the overall 
operation and, upon request of the SRO, advises him on 
DSN support matters. 
d .  JPL/AFETR data transmission. This subsection 
identifies key communication networks and channel as- 
signments, and specifies proper usage and procedures 
for each. 
Mission Operations Intercommunication System (MOIS). 
The MOIS, which provides party-line communication, is 
the primary communication system for the conduct of 
launch operations. The MOIS channel assignments in 
effect for the Pioneer VIII launch-phase operations, and 
their availability at each of the major supporting facili- 
ties, are listed in Table 33. 
Green phone system. The green phone system provides 
direct point-to-point communication circuits between 
major operating facilities (e.g., blockhouse, Cape Kennedy 
computer, operations center). These circuits are private- 
line, automatic-signaling circuits used by key personnel. 
Provisions were made to allow the green phone system to 
operate from emergency power. This system, therefore, 
served as a backup for the MOIS. 
Cross-county voice circuits. Three NASCOM voice 
circuits between JPL/AFETR and the SFOF are used 
for voice communications in support of launch operations. 
Switching and control of stations that have access to 
these networks are maintained at both terminals. Opera- 
tional usage of these networks is defined in the para- 
graphs that follow. 
The status network was used to keep various SFOF 
stations informed of the operational status of the AFETR 
stations and of the launch vehicle and spacecraft, mission 
readiness to launch, progress through the countdown, 
and the occurrence and time of in-flight events; it was 
also used to inform the mission director and Project 
elements at AFETR of the status of the various Deep 
Space Stations and their readiness to support postlaunch 
operations. Stations normally “active” on this network 
were the JPL status coordinator at AFETR and Prime 
One at the SFOF. 
The AFETR network was used for detailed discussions 
pertaining to the condition and flow of both metric 
tracking and computed data from the AFETR to the 
SFOF. Stations normally “active” on this network at 
AFETR were the JPL data coordinator at the RTCF, 
operations center coordinator, and mission and flight 
analysis. The mission director and other Project officials 
in the MDC had monitoring capability and access to 
both the status and the AFETR networks, as required. 
The spacecraft network was used by Pioneer Project 
personnel in the Mission Director’s Center and the SFOF 
for detailed discussions of spacecraft performance and 
status. The SFOD reported DSN and SFOF readiness to 
the mission director on this network. 
Data transmission. This subsection describes the meth- 
ods and procedures that were used by the AFETR to 
acquire, process, and transmit to JPL (Building A0)-for 
relay to the SFOF-metric tracking and computed data 
during the launch phase of the Pioneer VZII mission. 
Metric tracking and computer data. The AFETR radars 
were assigned to provide real-time metric tracking data 
to JPL (Building AO) for relay to the SFOF. In addition, 
the AFETR Real Time Computing Facility used these 
data to compute orbital elements and injection conditions 
for the parking orbit and theoretical transfer orbit, which 
were transmitted to JPL in the following formats: 
(1) Standard JPL orbital-message format. 
(2) AFETR interrange vector. 
(3) AFETR standard orbital parameter message. 
5 
perational usage of M 
NO. 
1 
2 
6 
11 
12 
13 
16 
Channel 
Title 
Facility loop 1 
Facility loop 2 
Missile test 
Instrumentation 
Payload 1 
Payload 2 
NASA TC 
Operational usage 
Used by test conductor for 
conducting space-vehicle 
countdown until liftoff 
Used by blockhouse monitor 
for stand operations; 
following liftoff, flight- 
performance dota ore 
summarized in real-time 
on this channel 
Used for launch-vehicle 
systems test 
Used for vehicle telemetry and 
RF systems activities; follow- 
ing liftoff, this channel is 
used for real-time launch- 
vehicle telemetry 
commentary 
Used for spacecraft systems 
test and spacecraft count- 
down 
Used os spacecraft work 
channel for detailed 
discussions of Spacecraft 
problems; following liftoff, 
this channel was used for 
real-time commentary on 
flight path based on range 
safety plotting boards 
Used by KSC/UIOb Projed 
personnel to coordinate 
launch countdown 
Deep Space Station acquisition information for DSSs 
72,51, and 42 was prepared by the RTCF and forwarded 
to JPL. In addition, the AFETR transmitted interrange 
vector messages and DSS 72 predicts directly to DSS 72. 
Following the single-station solutions, the RTCF com- 
puted and transmitted to JPL recursive accumulative 
orbits. An I-matrix based on each solution was included. 
B. Deep Space Phase Configwration 
The major elements of the DSN, configured to support 
the Pioneer VIIZ mission, were (1) the DSIF, (2) the 
SFOF, and (3) the Ground Communications Facility 
Switch 
number 
Channel - 
No. 
aunch operations. 
a 
12 
lower panel: 
1 
4 
7 
12 
Title 
Spacecraft 
network 
SRO 
Status 
coordinator 
RTCF 
MSFN status 
Communica- 
tions 
coordination 
Operational usage 
Used by Pioneer Project per- 
sonnel to discuss spacecraft 
performance and status 
Used by SRO for communi- 
cating with NASA test 
controller in blockhouse and 
associate test controller in 
operations center; following 
liftoff, AFETR mark events 
and AOS/lOSa were 
reported on this channel 
Internal operations center 
channel, used by status 
coordinator for stotus 
announcements within center 
and as o general channel 
for intracenter calls by 
operating personnel 
Used by JPl/AFETR com- 
munication center for 
coordination of metric data 
transmission activities with 
RTCF 
Used by TDS coordinator ond 
GSFC network controller to 
discuss MSFN status 
Used by operations center 
personnel for coordinating 
communication and dota- 
transmission activities with 
JPl/AFETR communication 
center 
(GCF). Figures 27, 28, and 29 give the generalized data 
flow of Pioneer tracking, telemetry, and reloaded data 
within the DSN. 
1. Deep Space Imtmnentahn Facility. The DSIF 
comprises the Deep Space Stations. The function of these 
stations was to obtain angular position, doppler, and 
telemetry data from the Pioneer VIII spacecraft during 
the postinjection phase of the mission. Data obtained by 
the Deep Space Stations were to be transmitted to the 
SFOF in real-time via teletype circuits. In addition, the 
same data were to be recorded on magnetic tape at each 
Deep Space Station and dispatched to JPL by air service. 
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a. Deep Space Stations. The following Deep Space 
Stations were designated as primary in support of the 
Pioneer VIII mission: 
Station Location 
DSS 12 Echo Station, Goldstone, Calif. 
DSS 41 Woomera, Australia 
DSS 51 Johannesburg, South Africa (best obtainable) 
DSS 62 Madrid, Spain 
DSS 71 Cape Kennedy, Fla. (launch operations only) 
The operational frequency assignments of these Deep 
Space Stations are listed in Table 34. Compatible tele- 
communication modes are listed in Table 35. The track- 
ing data format is shown in Table 36. The Deep Space 
Station tracking modes are listed in Table 37. Block 
diagrams of the stations are presented in Figs. 30 and 31. 
See Table 26 for the mission-dependent equipment that 
was necessary to be operational for the launch to occur. 
b. Backup stations. The following backup stations 
were available for emergency recording of the telemetry 
subcarrier on magnetic tape whenever possible through- 
out the mission: 
Station Location 
DSS 11 Pioneer Station, Goldstone, Calif. 
DSS 42 Tidbinbilla, Australia 
DSS 72 Ascension Island (engineering basis only) 
c.  Mission-dependent equipment. A significant amount 
of special-purpose and mission-dependent equipment and 
many facilities were provided by the Pioneer Project for 
accomplishing the mission objectives. The spacecraft 
and scient& instruments are easily recognized as be- 
longing to this group. In addition, however, EGSE was 
provided for checking out the spacecraft and scientific 
instruments, and for verifying their launch readiness. 
Ground operational equipment was supplied to four 
Deep Space Stations for processing telemetry data and 
transmitting commands to the spacecraft. Equipment 
was specially designed and fabricated for decommutating 
and processing telemetry data recorded on magnetic tapes. 
General-purpose equipment was installed at ARC and 
the SFOF to provide for mission control from these sites. 
Mode 
Doppler 
(1 -way) 
Doppler 
(2-way) 
Noncoherent 
doppler 
(2-way) 
Angle track- 
ing 
Ranging 
Command 
Telemetering 
Table 35. Compatibility matrix 
SOnly at receiving station. 
d. Ground Operational equipment. The worldwide 
DSN provided the entire tracking, data acquisition, and 
command transmission during the free-flight portion of 
the Pioneer VIII mission. To permit partial telemetry 
data processing in real-time, three of the Deep Space 
Stations were supplied with mission-dependent equip- 
ment. As shown in the functional block diagram of 
Fig. 32, the in-line GOE consists of a command encoder, 
a computer buffer, and a demodulator-synchronizer. 
Associated test equipment, consisting of a test tran- 
sponder and an error-rate tester, was also supplied to each 
of these three facilities; in addition, a data format gen- 
erator was supplied to DSS 12. Display and plotting 
equipment for use during the Type I1 orientation was 
also supplied to DSS 12. 
The in-line equipment, in conjunction with the mission- 
independent equipment shown in Fig. 21, processed the 
spacecraft telemetry data to provide: 
(1) Preselected spacecraft engineering data and up to 
2176 words (7 bits long) of consecutive spacecraft 
telemetry for immediate teletype transmission to 
SFOF and ARC. 
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able 36. Form and sequence of metric data 
transmitted from the Dee 
long-form 
format 
C/R 
L/F 
F 
xx s 
02 s 
xx s 
xxxx s 
xxxxxx s 
xxx s 
xxxxxxxxxxs 
~xxxxxxxxxx s 
xxxxxx s 
xxxxxx s 
2 
Short-form 
format 
C/R 
L/F 
F 
xx s 
03 S 
xx s 
xxxx s 
xxxxxx s 
xxx s 
xxxxxxxxxxs 
xxxxxxxxxxxs 
:Iassification 
of data 
Station 
identifica- 
tion 
Format 
identifica- 
tion 
Spacecraft 
identifica- 
tion 
Data con- 
dition 
Greenwich 
Mean 
Time 
Day of 
mission 
Doppler 
identifica- 
tion 
Range and 
range dc 
local hour 
angle 
Declination 
angle 
Identifi- 
cation 
derigna- 
fion 
lescriptoi 
(pre- 
cedes 
each 
data 
trans- 
mission 
)ata 
trans- 
mission 
(2) Continuous evaluation of preselected engineering 
measurements and generation of alarm signals for 
teletype transmission to SFOF and ARC (to indi- 
cate data-processing irregularities). 
(3) Computer typewriter printout of preselected space- 
craft engineering data and selectable engineering 
or scientific measurements. 
(4) Displayed values of spacecraft parameters to verify 
up-link acquisition and the quality of spacecraft 
receiver lock. 
(5) Preselected scientific data for immediate teletype 
transmission to Stanford University. 
The capabilities of the system related to command trans- 
mission provide: 
(1) A command message corresponding to a manually 
(2) A means of preventing the transmission of any 
command not contained in a permissive command 
list previously inserted in the computer. 
(3) Verification, by means of the command monitor 
receiver and the computer, that the transmitted 
command message corresponds to the manually 
inserted command, and termination of transmission 
when an error is detected. 
inserted command. 
(4) Spacecraft command status, notation of the trans- 
mitted commands and their time of transmission, 
and verification (where possible) of command exe- 
cution on the spacecraft for immediate computer 
typewriter printout at the Deep Space Station and 
teletype transmission to SFOF and ARC. 
Table 37. Deep Space Station tracking modes 
First digit identification 
Digil Definition 
No receive (transmit only) 
1 -way (receive only) doppler 
%way, 1 -station (transmit-receive) 
2-way, 2-station, noncaherent mode (receive only) 
2-way, 2-station, coherent mode (receive, with ref- 
erence signal from transmitting station) 
Receive only (no doppler) 
Last digit identification 
Digit Definition 
0 Not used 
1 Feedhorn-diplexer (85-ft-diam antenna) 
2 Acquisition antenna-diplexer (85-ft-diam 
antenna) 
3 Acquisition antenna 
4 Dipole [6-ft-diam antenna) 
5 Feedhorn without diplexer (85-ft-diam 
antenna) 
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The system also prepares messages pertaining to the 
operating status of the GOE and the computer and the 
parity error rate of the processed telemetry data for the 
typewriter printout and teletype transmission. 
Because of teletype limitations, the system could not 
transmit all of the telemetry data received at the four 
highest bit rates. The telemetry data were, therefore, 
recorded on magnetic tape, together with command mes- 
sages, verbal messages by station personnel during a 
Pioneer VIII track, timing signals, and performance data 
pertaining to selected equipment, for later processing at 
the Pioneer off-line data processing station at ARC. 
Demodulator-synchronizer. The function of the 
demodulator-synchronizer is to demodulate simultane- 
ously the Pioneer telemetry subcarrier and generate a 
bit clock pulse train (synchronous with the data). The 
input to the demodulator-synchronizer is the biphase- 
modulated 2.048-kHz subcarrier from the Deep Space 
Station receiver during tracking, but it can also be a 
similar signal from the data format generator, the error- 
rate tester, or the magnetic tape recorder during testing. 
(The output of the unit is a noise-free replica of the 
data bit stream, a pulse train synchronous with the data, 
and a sync status signal. For most conditions, operation 
of the demodulator-synchronizer is fully automatic ex- 
cept for source and bit-rate selection.) 
Command encoder. The command encoder produces 
a 23-s command message corresponding to a manually 
inserted command, which phase-modulated the Deep 
Space Station transmitter signal. The equipment permits 
visual inspection of the inserted command and operates 
in combination with the Deep Space Station computer 
to provide the permksiue command list check mentioned 
above. Switches are provided to override this feature 
in the event of computer malfunction or to stop com- 
mand transmission. 
Computer bufer. The computer buffer served as a 
communication link between the mission-dependent 
equipment and the computer. It accumulated data to be 
entered into the computer and distributed data from the 
computer. The buffer provided audible and visible alarms 
when either bit synchronization or word synchronization 
was lost or when spacecraft engineering data were out 
of limits. 
Test equipment. Useful for all Pioneer missions, the 
test equipment simulated spacecraft communications in 
all of the various modes of operation for use during check- 
out of the in-line mission-dependent and -independent 
equipment. The test equipment also facilitates trouble- 
shooting of the GOE. 
The transponder has a receiver (two receivers in the 
DSS 12 unit), a command decoder (a display in the 
DSS 12 unit), and a transmitter driver that can be suitably 
modulated and that produces an S-band signal whose 
strength can be attenuated over a range of 100 dB. The 
transponder can operate in either a coherent or non- 
coherent mode. The data format generator produces a 
simulated spacecraft data bit stream that can modulate 
the transponder or be sent directly to the demodulator- 
synchronizer or to the computer buffer. 
To evaluate the performance of the demoddator- 
synchronizer, the error-rate tester supplies the 
demodulator-synchronizer with a biphase-modulated 
2.048-kHz square-wave subcarrier of selectable signal-to- 
noise ratio (SNR) and known bit sequence. The tester 
compares the reconstructed data returned by the demod- 
ulator with the original bit sequence. The data stream 
available from the data format generator can be substi- 
tuted for the bit sequence generated within the tester to 
simulate a modulated spacecraft telemetry subcarrier of 
known SNR. 
e. Electrical ground mpport equipment. The EGSE of 
the Pioneer Project was designed and built to support 
testing and performance evaluation of the spacecraft 
before launch; it was the central point for test control 
and monitoring, command transmission, telemetry acqui- 
sition, spacecraft subsystem simulation, and the process- 
ing, display, and recording of spacecraft and scientific 
instrument data. This equipment, which is composed of 
various assemblies, together with their relationship to the 
spacecraft, is shown in Fig. 33. Several of these assem- 
blies (such as the demodulator-synchronizer, the com- 
mand encoder, and the computer buffer) are similar to 
those used in the GOE. 
The EGSE (Fig. 34) is composed of a digital computer 
subsystem and five dolly-mounted consoles : the ground 
power console, test console, recorder console, radio- 
frequency console, and telemetry data console. 
The digital computer subsystem, which processes (in 
real-time) spacecraft data received from the demodulator- 
synchronizer, consists of a digital computer, typewriter, 
line printer, paper tape reader, and paper tape punch. 
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The subsystem controls the spacecraft status and telem- 
etry data displays and performs a number of computa- 
tions, so that the printout of spacecraft and scientific 
instrument data is in meaningful measurements and units 
and in a form suitable for analysis and evaluation. 
The ground power console provides and controls power 
to the spacecraft during tests and monitors the spacecraft 
bus and battery voltages and currents. 
The test console consists of a test point monitor and 
control and a sun sensor simulator. This console acts as 
an interface for all hardline signals between the space- 
craft and the electrical test equipment (exclusive of 
ground power and RF signals). The sun sensor simulator 
provides signals to the orientation subsystem that simu- 
lates operation of the five sun sensors. Various spacecraft 
spin rates can also be simulated. 
The recorder console consists of an instrumentation 
patch panel, a direct-write analog eight-channel oscillo- 
graph, and a magnetic tape recorder. The latter provides 
the capability for recording signals and playing them 
back. 
The RF console contains the command transmission 
and data receiving equipment, which consists of a com- 
mand encoder, command transmitter, ramp generator, 
antenna, and telemetry receiver. The signal is transmitted 
either through a coaxial cable connected to the space- 
craft or via RF radiation. The command encoder has 
no capability for a permissive command list check. The 
ramp generator provides a means to vary the transmitter 
carrier frequency in a manner simulating doppler rate. 
The telemetry data console consists of a demodulator- 
synchronizer, computer buffer, data format generator, 
and display units, all with functions comparable to like 
units of the GOE. 
In addition to the above, a sun sensor stimulator is 
available that can apply appropriate light pulses to the 
sun sensors to check their operation. 
f .  Commands. The Pioneer VIIZ spacecraft command 
messages were generated semiautomatically under oper- 
ator control in the command encoder. The encoder may 
generate up to 128 unique 23-bit command messages in 
the format recognized by the spacecraft, including pre- 
amble, sync, address, command complement, command, 
and postsquelch bits. The command and address portions 
of the messages were generated in binary-coded octal 
format and placed in a 10-bit register. The register 
contents were changed to frequency-shift-keying tones 
for RF transmission. A binary one (1) is represented by a 
240-Hz sine wave and a binary zero (0) by a 150-Hz sine 
wave. Figure 35 is a block diagram of the DSIF com- 
mand signal flow for normal operations. 
Any command or commands deemed necessary for 
corrective actions or for achieving a spacecraft mission 
must be approved by the SFOD. Upon concurrence of 
the Project manager, the commands are transmitted to 
the Deep Space Station for execution. Command requests 
were made only by the technical and operations teams 
within the SFOF using approved command-decision pro- 
cedures outlined in the spacecraft operating procedures. 
Routine command sequences were listed in the daily 
operations plan for station passes. After approval of the 
daily operations plan by the Project manager, the SFOD 
was responsible for routine execution of such commands. 
All Pioneer VZIZ commands sent in the normal command 
mode were transmitted under computer control and then 
checked against a permissive command tape loaded into 
the SDS 910 computer at the beginning of a pass or 
segment of the operation. 
The SDS 910 computer verified the commands sent to 
the spacecraft at three digerent times: (1) pretransmis- 
sion, (2) during transmission, and (3) posttransmission. 
To accomplish pretransmission verification, a perfo- 
rated tape was loaded into the computer (containing the 
applicable spacecraft command decoder address and all 
permissible commands) at the beginning of each pass. 
After the operator had manually selected both the space- 
craft decoder address and the command, the computer 
couId be interrogated (by use of a button on the com- 
mand encoder that caused a computer interrupt) to 
verlfy that the manual selection was indeed permissible 
for the pass. When the command was permissible, a 
signal was sent to the command encoder to visually indi- 
cate the fact. If the manual command was not permis- 
sible €or any reason, an appropriate message would be 
typed out. 
During each transmission of the command, the com- 
mand generator sent 23 interrupts to the computer (at 
1 bit/s). At the same time, the outputs of the command 
monitor receiver were also available as a computer input. 
On this basis, the computer could check each of the 
23 bits as they were serially transmitted. If any of the bits 
was incorrect, the computer would generate an output 
r-------- 
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signal to inhibit any further transmission; the computer 
would also type and punch an appropriate message to 
generate an alarm. If all 23 bits versed properly, a 
message was both punched and typed, indicating that a 
spacecraft command was sent to the spacecraft at the 
indicated time. 
The posttransmission verification was based on re- 
ceived telemetry signals. If the transmitted command 
was verifiable, it was entered into a command sent stor- 
age list. Then, as changes were detected in the space- 
craft status bits from the received telemetry, these changes 
would be verified against the contents of the command 
sent list. Should any status bits change without having 
been called for by a command, an appropriate message 
would be typed and punched, and an alarm signal gen- 
erated. Furthermore, the contents of the command sent 
list were printed out at the end of each standard print- 
out. Hence, if a command had been sent but not exe- 
cuted, this could be readily seen on the basis of the 
typed output. 
Assuming normal spacecraft operation, all commands 
were prohibited during the launch phase through com- 
pletion of Type I. All commands were permitted after 
the conclusion of the initial Type I maneuver. 
g .  Facilities. 
Woomera, Australia Station (DSS 41). The DSN pro- 
vided a room approximately 15 by 30 f t  in the control 
building for the exclusive use of the Pioneer Project for 
the installation of Project-peculiar equipment. Facility 
support provided for this space was as follows: 
Power: 120 V &lo%, 60 &1 Hz, with capacity 
s&cient for Project-peculiar equipment; 120-V, 
60-Hz power outlets for auxiliary equipment. 
Room temperature: 70 &5"F. 
Plenum air temperature: 55 rt5"F. 
Humidity: 50 &lo% relative. 
Lighting: 100 ft-cd. 
Acoustic level: 65 dB above 
Furniture: Sufficient desks and chairs for use by 
Project personnel during installation, testing, and 
training were provided. A storage cabinet for spare 
assemblies was aIso provided. 
W/cm2 max. 
The DSN provided one SDS 910 computer, with 8192 
words of memory, for use of the Project with a degree 
of reliability comparable to other elements of the DSN. 
The computer was available on the date shown in the 
DSN schedule of operational dates. This computer was 
to remain integral to the digital instrumentation system 
at each station. 
The specific equipment made available at the DSN 
stations committed to the Pioneer Project is described in 
the DSN on-site data processing system capabilities 
document, and was included in the PioneerDSN inter- 
face description. The DSN was not to fund or procure 
any special buffer registers, logic-level converters, or 
special interface equipment for input or output of data 
to or from this computer. 
The DSN was to operate and maintain the Project- 
dependent equipment (GOE) supplied by the Project. 
The DSN was to provide (subject to circuit priorities) 
two full-duplex teletype circuits between the SFOF and 
the Woomera station (DSS 41) for full-time use by the 
Pioneer Project during a pass to which the station is 
assigned and on a shared basis at other times. The maxi- 
mum usable bit rate on these circuits is 23 bits/se5 
A full-time duplex teletype circuit and a voice circuit 
between the SFOF and the Canberra station were as- 
signed for network control by the Deep Space Stations. 
Subject to the approval of the station manager, the DSN 
operations manager, or their delegates, these circuits 
could be used by the Pioneer Project when they were not 
busy or during emergencies. 
The Woomera station was to provide a voice communi- 
cations circuit to interconnect the Project-dependent 
equipment command operator with the station receiver, 
data handling, computer, transmitter, and antenna 
operators. 
Goldstone Echo Station (DSS 12). The DSN provided 
an area of approximately 400 ft' in the control building 
'This rate is derived as follows: Maximum teletype transmission rate 
is 60 wpm. Each word contains six characters (five leiters plus one 
space) and each character contains seven bits (one start, one stop, 
one parity, and four data). If line feed and camage return char- 
acters are assumed to require an average of 1 bit/s, the usable bit 
rate (not counting the requirements for message preamble, identi- 
fication, date/time groups, etc.) is 4 X 6 - 1 = 23 bits/s. 
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for the exclusive use of the Pioneer Project for the in- The Goldstone Echo station was to provide a voice 
stallation of Project-peculiar equipment. The following communications circuit to interconnect the Project- 
facility support for this space was provided: dependent equipment orientation director and the space- 
craft status advisor with the station manager, as well as 
the receiver, transmitter, antenna, computer, and data 
handling operators. 
(1) Power: 120 V -+lo%, 60 2 1  Hz, with capacity 
sufficient for Project-peculiar equipment; 120-V, 
60-Hz power outlets for auxiliary equipment. 
(2) Room temperature: 70 k5"F. 
(3) Plenum air temperature: 55 25°F.  
(4) Humidity: 50 2 1 0 %  relative. 
(5) Lighting: 100 ft-cd. 
(6) Acoustic level: 75 dB above 
(7) Furniture: Sufficient desks and chairs for use by 
Project personnel during installation, testing, train- 
ing, and operations during orientation maneuver 
were provided. A storage cabinet for spare assem- 
blies was also provided. 
W/cm2 max. 
The data system hardware commitment made to DSS 41 
was applicable at this site. 
Johannesburg Station (DSS 51). The DSN provided an 
area of approximately 300 ft2 in the control building for 
the exclusive use of the Pioneer Project for the instal- 
lation of Project-peculiar equipment. The following 
facility support for this area was provided: 
(1) Power: 120 V &lo%, 60 &1 Hz, with sufficient 
capacity for Project-peculiar equipment; 120-V, 
60-Hz power outlets for auxiliary equipment. 
(2) Room temperature: 70 25°F.  
(3) Plenum air temperature: 55 &5"F. 
(4) Humidity: 50 +lo% relative. 
(5) Lighting: 100 ft-cd. 
(6) Acoustic level: 75 dB above 10-l6 W/cm2 max. 
(7) Furniture: Sufficient desks and chairs for use by 
Project personnel during installation, testing, and 
training were provided. A storage cabinet for spare 
assemblies was also provided. 
It was agreed that the DSN would normally operate 
and maintain the Project-dependent equipment supplied 
by the Project except during special events, such as an 
orientation maneuver, when the Project manager, at his - 
option, would furnish personnel to operate and maintain 
this equipment. Similar data system hardware commitments to those 
made to DSS 14 were applicable at this station. 
Communications facilities were similar to those for 
DSS 41. 
The DSN was to provide (subject to circuit priorities) 
two full-duplex teletype circuits between the SFOF and 
the Goldstone Echo station (DSS 12) for full-time use by 
the Pioneer Project during a pass to which the station 
is assigned and on a shared basis at other times. The 
maximum usable bit rate on these circuits is 23 bits/s. 
During orientation maneuvers, a third full-duplex tele- 
type circuit and a voice circuit were available for use 
by the Project. 
Similar Project-dependent equipment (GOE) commit- 
ments to those made to DSS 41 were applicable at this 
station. 
Similar communications commitments to those made 
to DSS 41 were applicable at this station. 
Madrid Station (DSS 62). The DSN provided an area 
of approximately 400 ft2 in the control building for the 
exclusive use of the Pioneer Project for the installation 
of Project-peculiar equipment. The following facility 
support for this space was provided: 
(1) Power: 120 V +lo%, 60 rtl Hz, with capacity 
sufficient for Project-peculiar equipment; 120-V, 
60-Hz power outlets for auxiliary equipment. 
A full-time duplex teletype circuit and a voice circuit 
between the SFOF and the Goldstone Echo station were 
assigned for network control by the DSN. Subject to the 
approval of the station manager, the DSN operations 
manager, or their delegates, these circuits could be used 
by the Pioneer Project when they were not busy or dur- 
ing emergencies. 
(2) Room temperature: 70 & O F .  
(3) Plenum air temperature: 55 k5"F. 
(4) Humidity: 50 +lo% relative. 
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Lighting: 100 ft-cd. 
Acoustic level: 75 dB above 
Furniture: Sufficient desks and chairs for use by 
Project personnel during installation, testing, train- 
ing, and operations during orientation maneuver 
were provided. A storage cabinet for spare assem- 
blies was also provided. 
W/cm2 max. 
The data system hardware commitment made to DSS 41 
was applicable at this station. 
It was agreed that the DSN would normally operate 
and maintain the Project-dependent equipment supplied 
by the Project except during special events, such as an 
orientation maneuver, when the Project manager, at his 
option, would furnish personnel to operate and maintain 
this equipment. 
Communications facilities were similar to those for 
DSS 41. 
Spacecraft monitoring station, Cape Kennedy, (DSS 71). 
The DSN provided an area of approximately 300 ft2 in 
the control building for the exclusive use of the Pioneer 
Project for the installation of Project-peculiar equipment. 
The location of this space is shown in Fig. 28. The bene- 
ficial occupancy date was May 1, 1965. The following 
facility support for this area was provided: 
Power: 120 V &lo%, 60 +-1 Hz, with sufficient 
capacity for Project-peculiar equipment; lU)-V, 
60-Hz power outlets for auxiliary equipment. 
Room temperature: 70 55°F.  
Plenum air temperature: 55 5 5 ° F .  
Humidity: 50 510% relative. 
Lighting: 100 ft-cd. 
Acoustic level: 75 dB above 
Furniture: Sufficient desks and chairs for use by 
Project personnel during installation, testing, and 
training were provided. 
W/cmz max. 
The Cape Kennedy station of the DSN was used to 
verify prelaunch compatibility of the spacecraft with the 
DSN during the prelaunch countdown. 
The data system hardware and Project-dependent 
equipment (GOE) commitments made to DSS 42 were 
applicable at this station. Communications facilities were 
similar to those for DSS 41. 
The DSN provided three half-duplex teletype circuits 
and one voice circuit between the SFOF and the JPL 
communications center at Cape Kennedy for full-time 
use by the Pioneer Project during launch operations. 
The maximum usable bit rate on the teletype circuits is 
23 bits/s. During nonlaunch-operation periods, the nor- 
mal communications facilities maintained between JPL 
and Cape Kennedy were available to the Pioneer Project 
on a shared basis. 
The Cape Kennedy station provided a voice communi- 
cations circuit to interconnect the Project-dependent 
equipment operator with the station receiver, transmitter, 
data handling, computer, and antenna operators. 
2. Ground Communications Facility. The GCF is the 
means by which the Deep Space Stations communicate 
with the SFOF. The GCF provides interfacility as well 
as on-site communications and an overall operational 
communications complex for flight project support. Com- 
munications responsibilities for the Pioneer Project in- 
clude controlling, operating, and maintaining all circuits, 
switching, and terminal equipment committed to Pioneer. 
Goddard Space Flight Center is responsible for technical 
control of all NASCOM circuits used by the DSN. (Tech- 
nical control includes maintenance of the communication 
network.) In fulfillment of the responsibility for technical 
control, GSFC informs JPL of the availability and con- 
dition of alternate circuits during periods of use, but 
does not perform the actual switching without prior ap- 
proval of JPL, which has responsibility for mission con- 
trol of the NASCOM circuits used by the DSN. Mission 
control, by contrast, means the determination of what 
traffic will flow, when and to what points this traffic will 
flow, and on what circuits the flow will occur. Communi- 
cation lines between the Deep Space Stations and the 
SFOF are shown in Fig. 36. The AFETR communications 
and circuits to ARC, Stanford University, and TRW are 
also shown. Figure 37 is a chart of the Pioneer VIII pro- 
file, communications circuit activation, and major events. 
There had been many changes in the GCF since the 
Pioneer VII launch, but all had been used in normal 
Pioneer VI and VI1 passes. The system support is de- 
scribed in the paragraphs that follow. 
a. Voice. One voice circuit to each Deep Space Sta- 
tion, three to ARC, and four to AFETR (Building AO) 
71 
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were allocated. Figure 38 shows the SFOF/ARC/TRW 
voice and teletype circuit configuration. 
b. Teletype channels. Teletype channels were via com- 
munications processors at either London or Canberra, 
Goddard Space Flight Center, and JPL, as follows: three 
to DSS 71, three to AFETR (Building AO), one to TRW, 
four to each Deep Space Station, and seven to ARC. 
The latter seven include six available for data and one 
for NASCOM administrative messages only. Figures 39 
and 40 show the DSN-GCF-NASCOM teletype routing 
codiguration. 
(1) SFOF-DSS 71: (Fig. 41): one voice network and 
one teletype circuit (frequency reports). 
(2) SFOF-DSS 41: one voice network and one duplex 
teletype circuit (predicts and tracking data). 
(3) SFOF-DSS 51: one voice network and one duplex 
teletype circuit (predicts and tracking data). 
(4) SFOF-DSS 62: one voice network and one duplex 
teletype circuit (predicts and tracking data). 
(5) SFOF-DSS 12: one voice network and one duplex 
teletype circuit (predicts and tracking data). 
(6) SFOF-DSS 11: one voice network and one duplex 
teletype circuit (predicts and tracking data). 
(7) SFOF-ARC: one voice network and one duplex 
teletype circuit (predicts for Stanford and Type I1 
maneuver data). 
(8) SFOF: communications processor; communications 
area support; data processing systems-one string 
of computers in Mode 2 (704Paisk-7094) from 
L-5 to L f l l  h plus continuous Mode 3 op- 
erations until L f 8 8  h, with periodic Mode 2 
operations for orbit determination, predicts, and 
trajectory generation; data chief area support; data 
control area support; either FPAA-1 or FPAA-2; 
track area support; internal communications 
(OVCS); use of TV monitors; and SDCC support 
from L-5 to L-3  h. 
c. Circuits. The minimum number of DSN-GCF and 
SFOF-ICS (Internal Communication System) circuits 
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and minimum equipment configured to operational was 
as follows: 
Pioneer mksion support area. This area was used as 
the operational control center during the low-activity 
phase of the mission. Spacecraft-performance analysis 
and space-science analysis were accomplished in this area. DSN-GC F operational circuits (CZass I )  : 
AFETR-SFOF: one voice network (AFETR net- 
work) and one teletype circuit. 
SFOF-DSS 71 (Fig. 42): one voice network and 
one teletype circuit. 
SFOF-DSS 41 (Fig. 43): one voice network and 
one teletype circuit. 
SFOF-DSS 51: one voice network and one tele- 
type circuit. 
SFOF-DSS 12 or 11: one voice network and one 
teletype circuit. 
DSN-GCF operational circuits ( C h s  II).7 AFETR- 
SFOF (Fig. 44): three voice networks (AFETR, status, and 
mission director’s networks) and three duplex teletype 
circuits (one for raw and two for computed data). 
3. Space Flight Operations Facility. The SFOF is a 
flexible facility in which areas and hardware can be set 
up and restructured as required to meet the needs of 
various projects. 
a. Areas. The DSN, in meeting the requirements of the 
Pioneer VZII mission, made use of the following areas, 
which are shown in Fig. 45: 
(1) Pioneer mission support area, Rooms 132 and 132A. 
(2) Operations area, Room 113. 
(3) Mission control, Room 2. 
(4) Flight path analysis area, Room 117. 
(5) Project manager, Room 115A. 
(6) Gallery. 
(7) DSIF control, Rooms 101 and 101A. 
(8) DSN control, Room 118. 
‘Class I requirements reflect minimum essential needs to ensure ac- 
complishment of primary mission objectives. These Class I require- 
ments are mandatory; if they had not been met, a decision not to 
launch could have resulted. 
‘Class I1 requirements define the needs to accomplish all stated mis- 
sion objectives. 
The DSN provided an area approximately 40 by 35 ft, 
called Mission Support Area 4, on the first floor of the 
SFOF, to the Pioneer Project for exclusive use by 
the Project. Included in this area is a 10 by 12 ft walled 
conference room. (See Fig. 45.) 
The DSN installed the following operations equip- 
ment in the Pioneer Project mission support area: 
(1) One console (operations with OVCS). 
(2) Three consolettes (TV monitor, channel selector, 
(3) Six TV monitors for general display. 
(4) Two TV monitors for time display. 
(5) One TV camera (hard copy). 
(6) Five intercom and telephone sets (OVCS). 
(7) Four printers (teletype page with selector box), 
(8) One printer-sender, teletype, keying send-receive, 
(9) One reader, teletype TD (tape reader). 
and OVCS). 
with selector box. 
(10) Two reperforators, teletype (tape punches). 
In addition, the DSN furnished a TV time-display 
camera. 
The DSN provided the following furniture in the 
Pioneer Project mission support area and conference 
room : 
(1) Twelve desks, office. 
(2) Five tables, office (30 by 60 in.). 
(3) Four bookcases, office. 
(4) Thirty-one chairs, office. 
One of the mission control rooms, with all of its sup- 
port facilities and a flight-path analysis area (see Fig. 45), 
was available for support of the Pioneer Project during 
critical phases of the mission. These phases include 
launch, orientation maneuvers, and system tests. Avail- 
ability of these facilities was subject to priority arrange- 
ments with other flight projects. 
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Standard DSN operational voice communications were 
provided to the Project in all areas assigned to the 
Project. Terminations at the SFOF for teletype and voice 
circuits between ARC-Stanford and the SFOF were 
provided by the DSN. The SFOF circuit configuration 
is shown in Fig. 46. 
Operations area and Mission Control Room 2. These 
areas were used only during the high-activity phases 
(launch and orientation) of the mission. 
Flight-path analysis area. The configuration of the 
FPAA was in accordance with the requirements of 
the Pioneer Project. Numerous flight-path tests have 
demonstrated the adequacy of this configuration. 
b. Systems. The data processing, communications, and 
support systems are used in support of the Pioneer mis- 
sions as described in the subparagraphs that follow. 
The data processing system includes the processing of 
tracking data for the establishment of a maximum- 
accuracy orbit and for Deep Space Station predicts. The 
telemetry processing station processes data for validation 
purposes. The TPS receives telemetry magnetic tapes for 
reproduction. During the reproduction (duplicating) pro- 
cess, the TPS provides data validation by monitoring 
and verifying recording levels, and by inspecting re- 
corded data for continuity. 
A data log on each tape is generated, containing the 
following indications: 
(1) Receiver flag (a time printout occurring each time 
there is a receiver out-of-lock state). 
(2) Demodulator flag (a time printout occurring each 
time there is a demodulator out-of-lock state). 
(3) Time flag (an error printout occurring when the 
delta time disagrees with the data rate). 
Validation is accomplished on the duplicated tape. After 
processing, the TPS returns the original tapes, along with 
the duplicate and one copy of the data log, to the SFOF 
operational document control office for shipment to the 
Pioneer Project Office. 
All areas within the SFOF assigned to the Pioneer 
Project have a complement of intracommunications 
devices. 
c. Support system. The DSN-SFOF support system 
(1) Maintenance of electrical and air-conditioning 
(2) Preparation of display boards. 
(3) Receiving, distributing, and shipping of data by 
(4) Technical assistance. 
(5)  Scheduling. 
includes the following: 
systems. 
operational document control group. 
The paragraphs that follow give a brief summary of 
the status and activities of each of these functions. 
Electrical and air-conditioning systems. These systems, 
including the backup power system, have been main- 
tained in their normal manner and are ready to support 
Pioneer requirements in the SFOF. 
Displays. The SFOF operations group prepares all dis- 
plays that are not the responsibilities of the DPS and 
communications groups. All displays are operational. 
These displays include those in the FPAA. 
Operational document control. In its non-real-time, 
mission-independent function, this group receives, logs, 
and distributes data from the Deep Space Stations. Data 
are forwarded to the TPS. After processing, the data 
packages are shipped to ARC. 
Technical assistance. At least one technical area as- 
sistant is provided, as requested, in the Pioneer mission 
support area. The functions of the assistant include the 
distribution of data printouts throughout the area, the 
maintenance of teletype machines in the area, and the 
performance of other miscellaneous duties pertinent to 
the Pioneer Project. 
Scheduling. Areas and equipment are ready for oper- 
ations according to the DSN utilization schedule and 
the DSN 10-day schedule. 
d .  Data processing system. The SFOF data processing 
system is organized into the computer subsystem (Fig. 47), 
the telemetry processing station subsystem, the data 
processing control and display subsystem, and the pro- 
gramming subsystem. 
The only tasks performed in support of the Pioneer 
Project by the SFOF data processing system are the 
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processing of tracking data for the establishment of a 
medium-accuracy orbit and Deep Space Station predicts. 
All other processing of data (except for the science data) 
is done at the Deep Space Stations with SDS 910 
computers. 
Engineering data. These data are processed at the 
Deep Space Stations by the SDS 910 computers, encoded 
in English (the language format), and selected portions 
are transmitted to the SFOF by teletype (Fig. 48). At 
the SFOF, the data are relayed in real-time directly to 
the Pioneer mission support area, to ARC, and to TRW. 
The computer-selected Class I engineering measure- 
ments, printed out in the MSA, are then routed to the 
various agencies. Figure 49 shows the complete data 00w 
from the SFOF. The engineering data received in the 
SFOF Pioneer MSA are analyzed by analysts from ARC 
and TRW. 
Scientific data. These data are separated from the 
engineering data subcommutator at the Deep Space 
Stations by the SDS 910 computers. The information is 
recorded on magnetic tape. A duplicate of this tape is 
mailed to the SFOF, from which it is forwarded to ARC 
for computer processing. Scientific data analysis is per- 
formed at ARC by NASA representatives and the 
experimenters. 
Flight-path data. During the launch phase (less than 
24 h), there is: 
Continuous transmission of tracking data from each 
Deep Space Station committed to track the Pioneer 
spacecraft. 
Mode I operation of the SFOF data processing 
system until 1 day’s predicts have been prepared; 
shifting to Mode IIA for the remainder of the 
launch phase. 
A fully manned FPAC team in real-time operation 
until 3 days’ predicts have been prepared. (Metric 
data from about half of the first Goldstone pass are 
required before the launch phase is considered 
completed.) 
From completion of the launch phase through Type 11 
reorientation plus 1 day (about L f  10 days), there is: 
(1) Batch transmission of metric data from each Deep 
Space Station committed to track the Pioneer 
spacecraft, with “on call” continuous transmission 
of tracking data, if required by the FPAC team. 
Mode IIIA operation of the SFOF data processing 
system when metric data are being transmitted. 
Determination of an orbit each day by FPAC and 
preparation of 10 days’ predicts, if necessary, using 
a Mode IV configuration of the SFOF data pro- 
cessing system. 
After completion of Type I1 orientation, there is: 
(1) Batch transmission to track the Pioneer spacecraft. 
(2) Mode IIIB operation of the SFOF data processing 
system when tracking data are being transmitted. 
(3) Determination of an orbit once a week by FPAC 
and preparation of 10 days’ predicts using Mode IV 
operation of the SFOF data processing system. 
ARC data processing. The volume of telemetry data 
from the spacecraft (together with other information 
and measurements made at the Deep Space Stations) 
that are required by the data user is too large for teletype 
transmission to the central processing station and subse- 
quent dissemination to the user. The data are trans- 
mitted primarily by shipment of magnetic tapes. This 
data flow begins when the spacecraft telemetry data and 
other necessary information are recorded on two FR-1400 
tape recorders operating in parallel at the Deep Space 
Station. The time for tape loading on each machine is 
staggered to avoid loss of data during such periods. One 
set of tapes, selected to contain all data received, is then 
shipped to JPL, where it is examined to ensure the 
quality of the reproduction. These tapes are then shipped 
to the Pioneer off-line data processing station at ARC for 
data processing and subsequent dissemination to the user. 
The data are processed at ARC in a two-level system. 
The first level translates the seven channels of data on 
the FR-1400 tapes into a digital format. The equipment 
used includes a tape playback machine, a demodulator- 
synchronizer, three racks containing digital logic, and an 
SDS 910 digital computer with associated peripheral 
equipment. This equipment, known collectively as the 
tape processing station, can process data from any Deep 
Space Station whether or not it is equipped with ground 
operational equipment. 
The output of the tape processing station, a multifile 
digital tape, is the input to the second level of processing. 
This level utilizes an IBM direct-coupled 7040/7094 
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Fig. 48. Pioneer-SFOF data flow 
computer system, and consists of timing the data, check- 
ing the spacecraft word parity, validating the commands 
sent to the spacecraft, qualifying the data on the basis 
of the ground station parameters measured at the Deep 
Space Station, and decommutating the data stream so 
that each experimenter receives only data from his in- 
strument and any of the telemetered engineering data 
required. These output data are recorded on a digital 
magnetic tape in a format and density compatible with 
the particular computer system each experimenter uses 
to analyze his data. 
In addition to the spacecraft telemetry data, trajectory 
tapes are also sent to the experimenters several times 
during the mission. This periodically updated informa- 
tion, originating at JPL, contains spacecraft position in 
three coordinate systems as a function of time. The data 
on the tape are reprocessed at ARC and put into the 
format and density compatible with each experimenter's 
computer facility. 
IV. Pioneer Vlll Preflight Test Program 
As with Pioneers VI and VII, the Pioneer VIII mission 
required a great deal of preflight testing support to en- 
sure mission success. The Pioneer VIII launch culminated 
2 yr of intensive testing and proving. The paragraphs 
that follow describe a small part of the aforementioned 
test program. 
A. Preflight Review 
One of the major Pioneer VIU program evaluation 
meetings, the preflight review, was held at TRW, Re- 
dondo Beach, Calif. Participants included representatives 
of NASA Headquarters, GSFC, JPL, ARC, the experi- 
menters, and TRW. The purpose of the meeting was to 
review the program, evaluate the preparedness of the 
spacecraft and instruments for commencement of launch 
activities at Cape Kennedy, and obtain approval from 
the participating agencies for shipping the spacecraft 
and instruments to Cape Kennedy. 
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During the preflight review, the spacecraft and instru- 
ment development programs were described in detail 
to provide assurance of the suitability of the design to 
accomplish the mission objectives and the reliability 
of the design to achieve long lifetime. Events occurring 
during the design reviews and the use of breadboard 
and engineering models of the spacecraft and instru- 
ments during the development phase were discussed. 
The test program was discussed in detail during the 
preilight review so that its adequacy in evaluating the 
reliability and quality of the equipment could be deter- 
mined. The test programs for both the spacecraft and 
scientific instruments were described with the aid of a 
test-flow diagram, which is reproduced in Fig. 50. It was 
explained during the discussion that all equipment des- 
tined to be flight hardware had been acceptance-tested 
at the assembly level and then at the system level at 
expected flight environmental conditions, whereas the 
qualification assemblies and prototype spacecraft had 
been tested at environmental conditions more severe 
than those to be encountered in flight. 
Before the test results were discussed, the philosophy 
of the Pioneer Project pertaining to “failures” was ex- 
plained to the reviewers. Any nonconformance to speci- 
fications, malfunctions, defects, improper test setups, 
procedural errors, anomalous test data, etc., had been 
classified as “failures.” All such failures had required a 
formal review and evaluation by a failure review board. 
During the review meeting, all failures of the space- 
craft and instrument assemblies since fabrication were 
reviewed, along with the corrective actions and retest 
results. The malfunctions that had occurred during sys- 
tem testing of the spacecraft were summarily corrected. 
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A study of these malfunctions showed that a large portion 
were minor electrical malfunctions that had been cor- 
rected as they occurred. It was concluded that the 
majority of problems would not have affected or de- 
graded the objectives of this mission because of the 
presence of redundant equipment. 
There were no open items from the failure review 
board on any of the scientific instruments at the time of 
the preflight review. 
Spacecraft testing ran very smoothly, with no major 
problems experienced. The paragraphs that follow con- 
tain information relative to spacecraft testing. 
1. Thermal-vacuum test. The thermal-vacuum accep- 
tance test of the Pioneer VIII spacecraft was started on 
September 27, 1967, and successfully completed on 
October 5, 1967. All of the thermal-vacuum test require- 
ments were satisfactorily fulfilled after 7 days in the 
simulated space environment, and the spacecraft was 
accepted on October 10, 1967, as operationally ready for 
the next phase of the Pioneer test program. The thermal- 
vacuum test was conducted in a professional manner 
and in accordance with TRW procedures. 
2. General test results. In reviewing the six major sub- 
systems of the spacecraft, the testing group found no 
problems identified with the performance of the elec- 
trical, thermal control, and structures subsystems. A minor 
test configuration problem was encountered in the ori- 
entation subsystems, and only the communications and 
data handling subsystems were associated with signifi- 
cant performance discrepancies. 
No known experiment failures occurred during thermal- 
vacuum testing as a result of the space environment. 
Analyses following testing indicated that the significant 
experiment performance discrepancies were related to 
instrument deficiencies that existed before the start of 
the thermal-vacuum test. Only one command and experi- 
ment response could not be adequately verified during 
the thermal-vacuum test activities. 
Although various problems tended to jeopardize the 
success of the thermal-vacuum test, none indicated a 
spacecraft or subsystem failure. In all cases, the problems 
could be associated with (or attributed to) the thermal- 
vacuum test configuration as influenced by questionable 
ground loops, excessive noise levels, slip-ring deteriora- 
tion, or instrumentation incompatibility. In fact, none of 
the “anomalous” thermal-vacuum test problems was 
encountered since completion of the thermal-vacuum 
acceptance test except when the spacecraft was subjected 
to a troubleshooting mode of operation employing special 
instrumentation and test configurations. 
Similarly, experiment performance was also more sat- 
isfactory when independent of the thermal-vacuum 
chamber and test configuration. Nevertheless, the thermal- 
vacuum test facility should be credited for revealing 
major defects in the ARC plasma and GRCSW instru- 
ments; i.e., the radiation-leak path within the plasma 
probe and the light leak in the Mylar cover of the cosmic 
ray detector. Evidently, neither instrument deficiency 
was detectable or disclosed at the unit test level. 
On the basis of thermal-vacuum test results and in- 
spection, the chamber-spacecraft slip-ring assembly is 
considered to be the single component “failure” that 
could account for most of the test anomalies. Photo- 
graphs are available showing terminals short-circuited 
by metallic slivers from the silver slip rings. The metallic 
debris found at the base of the slip-ring assembly also 
suggests that buildup of particles and shavings contrib- 
uted to the intermittent problems experienced frequently 
during the latter portion of the thermal-vacuum test. 
The purpose of this test was to demonstrate that the 
Pioneer VIII spacecraft would satisfactorily meet all 
performance criteria for a period of 7 days in a simu- 
lated space environment and an “orbital operations” 
profile. 
3. Major test objectives and requirements. 
Determine overall spacecraft and experiment sub- 
system and component performance under simu- 
lated space environments at 0.8, 1.0, and 1.2 AU. 
Evaluate spacecraft thermal-control subsystem 
operation. 
Determine operating characteristics of a TWT and 
all experiments during exposure to a low tempera- 
ture of 30 +10”F and a high temperature of 
90 + - 5 O F .  
Demonstrate end-to-end orientation subsystem per- 
formance using simulated sun angles. 
Evaluate electrical subsystem performance and 
plot solar array current-voltage curves with space- 
craft rotating at 60 rev/min to verify design data. 
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(6) Perform solar wind simulations for testing ARC 
plasma probe and Stanford-TRW electrical field 
detector experiments. 
(7) Determine corona effects during pumpdown and 
outgassing effects at high vacuum. 
6. Air Force Eastern Test Range 
The AFETR prelaunch testing operations for the 
Pioneer VIII mission are covered in the paragraphs that 
follow. Milestones and significant prelaunch events are 
listed in Table 38. 
Prelaunch preparation began upon arrival of the space- 
craft at the AFETR on November 12,1967. These prepa- 
rations required approximately 20 working days, during 
which the spacecraft was integrated and balanced with 
the third stage,  and the third-stage-spacecraft combina- 
tion was placed on the launch-vehicle configuration at 
pad 17-B, where testing began. The DSIF spacecraft 
system compatibility test was performed in conjunction 
with DSS 71, Building AM, and JPL (SFOF) to establish 
RF  compatibility of the Pioneer VIII spacecraft with a 
typical Deep Space Station. The significant activities 
associated with the Pioneer VIII prelaunch operations 
are shown in Table 38. 
Table 38. Pioneer Vlll prelaunch events 
Date 
(1 967) 
Oct 4 
Oct 19 
Oct 27 
Nov 9 
Nov 12 
Nov 14 
Nov 30 
Dec 4 
Dec 7 
Dec 8 
Dec 11 
Dec 12 
Dec 13 
Event 
FPAC acceptance at SFOF 
Experiment calibration 
SPAC-SSAC acceptance ot SFOF 
Receive EGSE 
Receive spacecraft at AFETR 
Second SFOF integration 
Mate spacecraft third stage to Delta 
First operational readiness test 
All-systems test-practice countdown (prefairing) 
Second operational readiness test 
Countdown initiation 
FW-4 hookup 
Second-stage propellant servicing 
First-stage fueling 
Tower removal 
LOX fill 
1. Dual composite test summary. No major anomalies 
occurred during the dual composite testing that was 
carried on for Pioneer V I I I .  A normal start sequence 
was obtained, and the testing proceeded according to 
schedule. 
2. Acceptance and RFI test summary. This portion of 
the test program was carried out with alacrity and pro- 
ficiency. No serious problems were encountered, and the 
testing was carried out to completion. 
3. All-systems test summary. The performance of this 
test was smoothly executed, with no signifkant problems 
reported. 
4. Electrical systems test summary. No problems were 
encountered during the test. 
D. Manned Space Flight Network 
The MSFN participated fully in the operational readi- 
ness tests on December 4 and 8, 1967. All results were 
considered satisfactory. 
During the December 4 test, a Tananarive acquisition 
message was transmitted by GSFC/data operations 
branch (DOB) approximately 6 min after predicted AOS 
because of problems encountered in calculating the 
nominal Delta third-stage bum maneuver. During the 
December 8 test, a Tananarive acquisition message was 
again transmitted late because of 7094/494 computer- 
interface problems. On launch day, 7094/494 computer- 
interface problems were again encountered, causing de- 
lays in acquisition-message transmissions. 
E. Deep Space Network Testing 
The tests conducted to ensure the readiness of all ele- 
ments of the DSN committed to support the Pioneer VIII 
mission are classified as follows: 
(1) Telemetry and command system acceptance tests. 
(2) Subsystem acceptance tests. 
(3) Integration tests. 
(4) Operational readiness tests. 
Descriptions of these DSN tests are given in the para- 
graphs that follow. The tests performed are listed in 
Table 39. 
All of the tests were completed satisfactorily. The 
problems encountered were resolved before the launch. 
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tests 
Dale (1967) 
Aug 20 
Sep 1 
Sep 14 
Dct 4 
Oct 25 and 26 
Oct 27 
Nov 15 
Nov 16 
Nov 20 
Dec 2 
Dec 4 
Dec 8 
Test 
FPAC test 
FPAC test 
FPAC test 
FPAC test 
SPAC-SSAC test 
SPAC-SSAC test 
SFOF integration 
test 
DSN spacecraft 
compatibility 
test at DSS 71 
DSS-AFETR inte- 
gration test 
DSN spacecraft 
compatibility 
test (on-stand) 
First operationul 
readiness test 
Final operational 
readiness test 
Purpose 
Program checkout 
Software system checkout 
FPAC team training 
FPAC acceptance 
Team training 
Acceptance test 
Training and acceptance of SPAC, 
SSAC, and FPAC as a flight 
Operations team 
Test for compatibility of spacecrafl 
with DSN 
Training of all elements participat- 
ing in Pioneer Vlll launch 
Verify compatibility of spacecraft 
with DSN 
Verify readiness of all elements to 
support launch 
Verify readiness of all elements to 
support launch 
Some of the more significant problems are described 
below, 
The SFOF integration test was scheduled for Novem- 
ber 14; however, because the SDCC computer was down, 
the test had to be rescheduled for the next day. 
During the first operational readiness test, the predicts 
sent from the SFOF were not received properly by 
DSS 41. This turned out to be both a procedural and a 
configuration problem, as the station was expecting to 
receive predicts from the AFETR. The problem was re- 
solved by ensuring that DSS 41 and all others concerned 
knew whence and when the predicts would be trans- 
mitted. Also, a second teletype machine was installed at 
the station to allow reception of predicts from both the 
SFOF and the AFETR with no near-real-time configura- 
tion change required. 
A 77-min delay occurred in activating the voice cir- 
cuits to Station 70 during the final operational readiness 
test. The problem was traced to a circuit-configuration 
error, which was corrected 3 h and 36 min before the 
simulated launch. 
During the same test, the 7044-W computer at the 
SFOF went into recovery, causing a 30-s interruption in 
FPAC processing. This occurred 5 h before the simulated 
launch, and subsequent investigation of the system (both 
hardware and software) revealed no reason for the 
occurrence. 
1. Telemetry and command system acceptance tests. 
The purpose of these tests was to evaluate the per- 
formance of personnel and equipment associated with 
the telemetry data and command systems. These tests 
were conducted at DSSs 12, 41, 51, and 62. 
2. Subsystem acceptance tests. The purpose of these 
tests was to demonstrate to the SFOD, /operating from 
the SFOF, the satisfactory performance of equipment 
and personnal of each element of Pioneer operations. 
The subsystem acceptance tests were as follows: 
(1) Daily operations tests and Type I1 orientation 
(2) Daily operations tests (DSS 62). 
(3) First acquisition test. This test involved station 
performance during the initial pass of the space- 
craft, including critical activities of first acquisition 
(DSSs 41 and 51). 
tests (DSS 12). 
(4) FPAC, SPAC, and SSAC groups (SFOF). 
3. Integration tests. The purpose of these tests was to 
familiarize space flight operations personnel with all 
phases of Pioneer procedures and intercommunications. 
Actual operation of the Pioneer mission was performed 
in the exercise of all elements. 
Deep Space Stations 12, 41, and 62 repeated the sub- 
system acceptance tests listed above. 
A DSN-AFETR integration test was conducted on 
November 28, 1967, before the two Project operational 
readiness tests. During the integration test, the AFETR 
provided simulated metric tracking data, and DSN data 
were supplied to the AFETR in real-time. The MSFN 
did not participate in this test. No significant problems 
were encountered, and the test was considered success- 
ful. A summary of the integration test follows: 
(1) MSFN was not required to participate. 
(2) AFETR provided simulated metric tracking data 
for near-earth tracking system. 
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(3) DSN data were supplied to AFETR in real-time. 
(4) AFETR performance was good. 
a. Operational readiness test summa y. 
(1) December 4,1967: 
(5) Problems occurred in Building AO-DSN interface 
in use of routing indicators for telemetry data 
being backfed to Hangar AM. This was corrected 
after the test. Routing circuit GKYA to be used 
for science data and GKXE for engineering data. 
4. Operational readiness tests. The purpose of these 
tests was to demonstrate that all personnel and equip- 
ment participating in the flight operations of the space- 
craft were prepared to support the mission. Every unit 
was activated for these tests. The two tests were devel- 
oped so as to reflect sequential improvement, thereby 
ensuring maximum operational readiness. 
The operational readiness tests were conducted on 
December 4 and 8, 1967. These were full-system tests, 
will all TDS elements participating. No significant prob- 
lems were encountered and, at the conclusion of the tests, 
the TDS was considered ready to support the launch. 
There were no unresolved problems before launch. 
The two operational readiness tests represented dress 
rehearsals to assure the proper interface timing of all 
elements and procedures of the space flight operations 
team. All procedures used were those derived to support 
a nominal flight mission. Between the tests, and follow- 
ing the h a 1  launch operation checks, the launch readi- 
ness review was conducted, for which all areas of 
responsibility for launch operations and space flight 
operations were represented. The purpose of this meet- 
ing was to review the readiness of all elements of all 
operations to support a launch, and provide the mission 
director with background for his decision of go or no go. 
Following the final operational readiness test, DSSs 51, 
41,62, and 12 underwent a Pioneer configuration freeze. 
During the countdown, the Deep Space Stations cali- 
brated the station and mission-dependent equipment, and 
DSSs 51 and 41 performed a detailed transmitter- 
frequency spectrum analysis. 
The initial activity at JPGsFOF consisted of establish- 
ing and checking voice and teletype circuits; assessment 
of spacecraft condition, with particular emphasis on the 
best frequencies of the receiver and transmitter; and 
initializing all computer facilities. 
(a) All systems participated except real-time ve- 
(b) No serious problems encountered. 
(c) Trouble between Buildings A 0  and AE Mis- 
sion Director's Center in setting up voice net- 
works. 
(2) December 8, 1967: 
hicle telemetry. 
(a) All systems participated. 
(b) No serious problems encountered. 
b. Conclusion. All testing proved the operational readi- 
ness, within current commitments and time constraints, 
of all elements of the DSN to support the Pioneer VU1 
mission. 
The DSN manager provided the Project manager with 
a real-time operational readiness evaluation at T -  5 days 
to confirm that all systems were prepared to go. 
F. PioneerIS-Band Compatibility Tests 
These tests were conducted at Patrick Air Force Base 
to verify the compatibility of the AFETR user equip- 
ment and its capability to support the Pioneer S-band 
telemetry requirements. The primary test objective was 
to simulate the Pioneer transmitted data, and to receive, 
translate, and record them with the AFETR telemetry 
system to evaluate how successfully the range user equip- 
ment could recover such data. 
These tests successfully demonstrated that the AFETR 
and range user equipment, planned for the Pioneer S-band 
telemetry requirements, were compatible. 
V. Pioneer VI / /  Tracking and Data System 
Flight Support 
A. Near-Earth Phase Support 
The TDS near-earth phase support for Pioneer VI11 
was provided by selected resources of the AFETR, 
GSFC, MSFN, and DSN. A review of activities from 
prelaunch through the end of the nominal mission is 
summarized herein. 
The Pioneer VI11 spacecraft was launched from the 
AFETR with the use of the improved thrust-augmented 
Delta launch vehicle. The spacecraft spin axis was ori- 
ented perpendicular to the ecliptic so that the scientific 
instruments, mounted perpendicular to the spin axis of 
the spin-stabilized spacecraft, were able to scan 360 deg 
of the ecliptic. 
After injection into orbit, tracking and data acquisition 
were accomplished by the Deep Space Network through- 
out the duration of the deep space phase of the mission. 
1. Prelaunch. The prelaunch activities were the final 
checkout phase of Pioneer VIII in preparation for the 
countdown-to-launch operation. The prelaunch activity 
phase was started when the spacecraft was received at 
Cape Kennedy, and terminated with the countdown 
phase on December 13, 1967. 
a. Test program. An important phase of the prelaunch 
activities involved the prototype spacecraft in trial runs, 
evaluations, and special tests. This approach provided 
maximum preparedness for the flight spacecraft without 
exposing it to unproved or hazardous conditions, and 
resulted in the application of proved equipment and 
tested checkout procedures during actual launch opera- 
tions with the flight spacecraft. 
The test program for the flight spacecraft was some- 
what similar to that for the prototype. One difference be- 
tween prototype and flight-spacecraft activities related 
to the scientific instruments: The prototype spacecraft 
had been delivered to Cape Kennedy as an integrated 
system with all scientific instruments on board. In con- 
trast, the scientific instruments for the flight spacecraft 
(except the Stanford University instrument) had been 
returned to the laboratories of the experimenters for final 
calibration and checking before delivery to Cape Kennedy. 
It was necessary, therefore, that these instruments be 
reintegrated into the flight spacecraft and tested as a 
system. Also, the TWTs and TWT converters of the 
flight spacecraft were temporarily replaced by the units 
from the prototype spacecraft to inspect the former for 
high-voltage breakdown, and were then reinstalled on 
the flight spacecraft when found to be in satisfactory 
condition. 
Special tests, training, and practice runs for different 
phases of the countdown were made with the flight 
spacecraft. Numerous round-the-clock duty-cycle store 
tests were conducted. Deep Space Station training exer- 
cises and detailed experiment tests were also performed. 
Despite fit checks with the prototype spacecraft, cer- 
tain insignificant intolerances between the launch-vehicle 
interstage structure and the flight spacecraft were dis- 
covered during mating of the spacecraft and the third 
stage, The situation was corrected and the activity com- 
pleted by the launch date. 
During the on-stand integrated system test, which was 
the last system check before launch countdown, minor 
defects in electrical ground support and test equipment 
were found and rectified. The overall system of the 
spacecraft and launch complex was then ready for 
the launch countdown. 
To ensure tracking, data acquisition, and flight control 
during powered and free flight, training exercises and 
tests were conducted with the various launch and flight 
support groups. Personnel were indoctrinated, equipment 
was checked, and operation procedures for normal and 
emergency situations were tested thoroughly. In this 
way, the readiness of the various domestic and overseas 
stations, the worldwide communications networks, and 
the launch and flight procedures were thoroughly 
evaluated. 
The training exercises were conducted in three dif- 
ferent phases (see Section IV). The first was the training 
of personnel and checking of equipment and procedures 
at individual stations. The second phase was the opera- 
tion of a remote station in conjunction with the mission 
control center at JPL or Cape Kennedy to evaluate and 
correct any interface deficiencies. The third phase con- 
sisted of the operational readiness tests. The entire 
system and personnel that would be operational from the 
launch countdown through the deep space phase of 
flight participated in these tests. The operational readi- 
ness tests concentrated on the sequence of events and 
procedures covering the period from 4 h before launch 
until the completion of orientation about 44 h after 
launch. Tracking stations were supplied with spacecraft 
trajectory predictions so that they could generate pseudo- 
metric data to exercise the metric data handling system. 
Also, the tracking stations were supplied with telemetry 
data prerecorded on tapes to simulate spacecraft and 
instrument behavior and to rehearse the ground opera- 
tional system and personnel. 
Upon satisfactory completion of the on-stand inte- 
grated system test and the third operational readiness 
test, a launch readiness review meeting was held with 
representatives from all responsible agencies. The high- 
lights of the meeting are presented below. 
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b. Spacecraft status. The spacecraft was reported to 
be in a satisfactory condition for launch. The scientific 
instruments removed at the contractor’s plant before 
shipping the spacecraft to Cape Kennedy had been suc- 
cessfully reintegrated. All qualification and acceptance 
tests had been completed, and all failure reports had 
been disposed satisfactorily. The spacecraft had com- 
pleted many hours of failure-free operation. The TWT 
and TWT converter high-voltage breakdown, which had 
been encountered on Pioneer VI, was no longer con- 
sidered a potential problem. The spacecraft had logged 
hundreds of hours of operation and testing, including a 
2-wk continuous test run, before mating with the launch 
vehicle. 
During T - 2  day operations on December 11, there 
was a power failure in the spacecraft area. A standby 
generator for the spacecraft shroud air conditioner, which 
was required during this period, was not available. As 
a result, the humidity in the shroud area rose above the 
maximum tolerance of 50%. However, power was re- 
stored after 25 min and there was no damage to the 
spacecraft. The range user pointed out that, if power had 
not been restored, serious damage to the spacecraft 
would have resulted. A generator was subsequently pro- 
vided to prevent a recurrence of this problem. 
During an electrical system test on December 11, the 
beacon readout van interrogator was observed to be 
approximately 10 dB below the reported blockhouse 
reading. The test was delayed while the van was moved 
to another position that provided a clearer view of the 
pad. The situation improved, but the AFETR stated that 
more accurate interrogations and readouts could be 
made if the gantry were pulled back. 
2. Countdown. 
a. Countdown tasks. The launching of Pioneer VZZZ 
was scheduled for December 13, 1967. On December 11, 
the launch countdown was initiated as planned. The 
tasks in the countdown for the spacecraft and instru- 
ments are described in the paragraphs that follow. 
Task I-preparation. The spacecraft and EGSE were 
prepared for the countdown operation. The EGSE was 
checked and turned on for the required warmup period. 
Task ZZ-spacecraft and instrument functional checks. 
The launch readiness of the spacecraft and the instru- 
ments was evaluated. Radio-frequency checks were made 
with both spacecraft receivers. All instruments were 
turned on and commanded to various operating modes. 
The spacecraft was commanded into all of the different 
formats, modes, and bit rates. The flight battery was 
installed as the last step. 
Task ZZZ-final pneumatic pressurization. The orienta- 
tion pneumatic subsystem of the spacecraft was pres- 
surized for the last time, and a final gross system check 
was made. 
Task ZV-ordnance installation and checks. The re- 
sistance of the ordnance devices and their associated 
&ng cables was measured and compared with previous 
resistance measurements. 
Task V-final preparation. This task completed prep- 
arations and secured the spacecraft. All protective covers 
were removed, the final configuration was checked, and 
a visual inspection was made. The spacecraft was ready 
for fairing installation when this task was completed. 
Task VI-umbilical and RF checks. This task included 
a continuity check of the umbilical cables, connection of 
umbilical cables to the spacecraft, adjustment of lanyard 
length, and visual inspection of all lines and terminations. 
b. General countdown. Table 40 gives the general 
countdown adhered to by the AFETR. 
c. Actuul countdown. The actual countdown proceed- 
ings for the Delta-Pioneer VZZZ spacecraft was picked up 
at 0643 GMTs on December 13, 1967. There were two 
planned built-in holds-one at T-35 min for 60 min, the 
other at T-5 min for 5 min. The count proceeded 
smoothly to liftoff, which occurred at 1408. The launch 
window duration was 35 min. The actual countdown 
time summary is shown in Table 41. 
Propulsion, guidance, and control system performance 
of all three stages was near nominal. The Pioneer VZZZ 
spacecraft was injected into the desired heliocentric orbit 
with all spacecraft systems and experiments operating 
normally. The Target Tracking Satellite (TTS) space- 
craft, carried on the Delta second stage, was inserted 
into a geocentric orbit as planned, and responded satis- 
factorily to ground commands. 
Telemetry performance and data acquisition were very 
good. The weather on launch day remained above the 
‘Unless otherwise noted, all times are in GMT. 
Counf 
0 -285 min 
0 -225 min 
0 -205 min 
0 -200 min 
0 - 200 min 
0 - 195 min 
0 -190 min 
0 -180 min 
0-175min 
0 - 165 min 
0-160 min 
0 -135min 
0 -80 min 
0 -70 min 
0 -60 min 
0 -50 min 
0 -45 min 
0 -45 min 
0 -35 min 
Responsibility 
GSFC and AFETR 
Ascension, Pretoria, GSFC, 
DOB, and RTCF 
SRO' and network con- 
troller 
MSFN communication 
circuits operational 
High-speed interface be- 
tween MCC-Kb Mod 70 
and GSFC 
GSFC, DOB, AFETR 
radars, and RTCF 
GSFC Mod 70 buffers- 
high-speed interface 
test of RTCF 
MSFN brief message and 
status check-all sites 
AFETR status report to 
MSFN and network 
controller 
and CNCC 
Network controller, SRO, 
RTCF, GSFC D O B ~  
SRCI and network 
controller 
and CNC 
Network controller, SRO, 
RTCF, GSFC DOB, and 
Bermuda 
MSFN brief message and 
status check-all sites 
Bermuda and RTCF 
SRO and network con- 
troller 
Site status TTY to GSFC 
network controller; 
relay to KSCe Project 
console at central 
control 
Brief message to sites- 
voice check 
Action 
All voice, TTY, and HSDL 
circuits operational; 
visual countdown 
display available 
Ascension and Pretoria 
transmit static points 
to GSFC 
AFETR status report to 
network controller 
- 
AFETR radars transmit 
static points to GSFC 
Network status report to 
RTCF transmit theoretical 
trajectory to GSFC 
DOB 
AFETR status report to 
network controller 
Network status report to 
SRO and CNC 
Start slew check with 
SRO and CNC 
Bermuda high-speed 
data to RTCF 
- 
Bermuda send weather 
report to GCNV/ 
RTKEN and GCEN/ 
MSFNOC 
AFETR status report to 
network controller 
- 
Count 
0 -30 min 
0 -30 min 
0 -15 min 
0 -15 min 
0 -15 min 
0 -15 min 
0 -10 min 
0 - 1 0 s  
0 
T + 03 min 
T +  1260s 
T+l500s 
H~ -1 min 
H 
Rerponsibilify 
SRO reports for appli- 
cable (CRF)' telemetry 
links center frequency 
deviations to network 
controller; relay infor- 
motion to sites 
SRO and network con- 
troner 
SRO and network con- 
troller 
SRO and network con- 
troller 
Network controller, SRO, 
and CNC 
Final network status to 
GSFC network con- 
troller; relay to KSC 
Project console at 
central control 
Change/no-change report 
of telemetry center 
frequency; relay to 
sites 
Final count to sites 
Announce liftoff 
Send liftoff time to all 
sites 
GSFC DOB/AFETR 
AFETR 
AFETR 
AFETR 
Maintenance and opera- 
tions (M&O) direct all 
recorders to opera- 
tional speed 
Horizon time; acquisition; 
record times for each 
subsystem; announce 
telemetry contact 
Action 
SRO provide CRF report 
to network controller 
SRO provide CRF 
change or no change 
to network controller 
AFETR status report to 
nefwork controller 
Network status report to 
SRO and CNC 
- 
Transmit high- and low- 
speed radar data to  
GSFC from supporting 
mainland and sub- 
cable radars 
Transmit Ascension, Pre- 
toria, and RlSg (if 
supporting) low-speed 
radar data to GSFC 
Transmit updated orbital 
look angles to MSFN 
stations 
Transmit updated orbital 
look angles to MSFN 
stations 
*SRO = Superintendent of Range Operations. 
bMCC-K = mission control center, Cape Kennedy. 
CCNC = Cape network coordinator. 
dDOB = data operations branch. 
eKSC = Kennedy Space Center. 
'CRF = central receive frequency. 
gRlS = Range Instrumentation Ship. 
h H  = horizon time. 
9% T 
Count 
H + 1 min 
H + 5 min 
10s’ 
LOS + 5 min 
Table 40 (contd) 
Action I Responsibility 
Report telemetry solid to 
network controller 
Send CRF (if necessary) 
At telemetry LOS, record 
times and report LOS 
to network controller 
Perform postpass calibra- 
tions and prepare 
postpass telemetry 
report 
‘10s = loss of signal. 
Table 41. Actual countdown time summary 
Event 
Start spacecraft systems checks 
Start vehicle countdown 
Start spacecraft terminal count 
Start 60-min built-in hold 
End built-in hold; resume count 
Start 5-min built-in hold 
End built-in hold; resume count 
liftoff 
Count 
- 
T - 3 8 0  min 
T -  140 min 
T - 3 5  min 
T - 3 5  min 
T-5  min 
T-5  min 
T 
AFETR safety minimums. Limited coverage was ob- 
tained by the tracking cameras because of cloud cover- 
age in the launch area. There was no pad damage, and 
no AFETR safety actions were required. 
During countdown operations, the spacecraft was sup- 
plied with external power to conserve the spacecraft 
battery in case of orientation difficulties after injection. 
The spacecraft was finally put on internal power (battery) 
exclusively only about 10 min before launch. Also, be- 
cause of the necessity to conserve battery power, the 
spacecraft was launched with TWTs off. During the final 
stages of the launch-operations countdown, the trans- 
mitter driver was commanded to low-gain antenna 2 for 
transmission of telemetry data, spacecraft receiver 2 was 
commanded to low-gain antenna 2 for receiving com- 
mands, and the receiver and transmitter driver were set 
for operation in the coherent mode. The undervoltage- 
protection system was disabled so that the TWT would 
not be disconnected from the bus when (because of 
insufEcient power from the solar array) the voltage drops 
after the TWT is automatically turned on at separation 
of the spacecraft from the launch vehicle. The equip- 
ment converters were operating, but the power for the 
orientation electronics was off until turn-on when 
the spacecraft separated from the launch vehicle. Because 
no scientific instruments are required to be on during 
the launch phase, the spacecraft was launched with 
the telemetry system in the engineering data format 
(Format C) and a data rate of 64 bits/s. 
Spacecraft power was applied at 0452 for the start of 
Task VII-systems checks. This was followed by Task 
VIII-standby status preparations, which began at 0726, 
and by Task IX-ordnance connection and final secur- 
ing, which was started at 0736. Upon completion of 
Task IX, the spacecraft was essentially in launch con- 
figuration and ready for the start of Task X-terminal 
count, which was scheduled for 1043. No problems were 
experienced during the spacecraft countdown operations 
and the spacecraft remained in a go condition throughout. 
The vehicle countdown was started on schedule at 
T - 380 min (0643). Countdown operations proceeded 
normally, with no problems encountered. 
I, ^ f  
At T-345 rnin, the DSN was considered in a go con- 
dition, with all preliminary operations running smoothly 
and on time. However, a disk-file problem was experi- 
enced with the W-string 4094 computer at T-280 min. 
The computer remained down until T - 180 min (1003), 
when it was again declared operational. Commercial 
power failures, caused by locally severe weather condi- 
tions, again dropped the W-string off line at 1045. It was 
then decided to assign the X-string, which was operating 
on generator power, as prime. 
The maser at DSS 12 was reported down at 10M. It 
was estimated that it could require 14 h to return the 
maser to service; therefore, it was decided that DSS 12 
would support the initial flight phase operations with its 
parametric amplifier. No other failures or anomalies 
occurred, and the DSN remained in a go condition 
throughout countdown and launch. 
The MSFN reported all stations and systems in a go 
condition, with the exception of Tananarive, which was 
qualified as providing limited metric support. The first 
static-point transmission from Tananarive was invalid 
and required a replay, and the Carnarvon static point 
was delayed because of station equipment problems. No 
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other problems were reported, and the MSFN remained 
in a go condition through launch. 
The AFETR experienced no problems during the 
countdown and launch phase, and remained in a go 
condition throughout. The RF propagation forecast, 
which was received at T - 105 min, predicted condition 3 
for all H F  data circuits. 
The spacecraft terminal count was initiated at T - 140 
min (1043), and operations proceeded normally through 
liftoff. 
The built-in hold at T-35 min was entered at 1228, 
with the count resuming on schedule at 1328. The 5-min 
built-in hold at T-5 min began at 1358. After resuming 
count at 1403, all operations progressed normally through 
liftoff, which occurred at 1408:00.265 GMT, with a flight 
azimuth of 108 deg. 
3. Liftof and first powered flight. The powered-flight 
phase for Pioneer VIII was considered to extend from 
liftoff on December 13, 1967, through separation of the 
third-stage motor from the spacecraft. During this pe- 
riod, primary control of the mission was transferred from 
the mission control center at Building AE to the Pioneer 
mission support area at the SFOF. Other activities dur- 
ing this period relate primarily to tracking and telemetry 
acquisition, which are discussed in Section VI as part of 
the performance evaluation of the various elements. 
The moderately low data bit rate (64 bits/s) was 
selected to increase the probability of obtaining good 
diagnostic data if the TWT failed to turn on automatically 
after injection or if difEiculties were encountered because 
of spacecraft orientation during initial acquisition by 
DSS 51 or 41. The significant sequence of events for 
launch operations is given in Table 42. 
In Table 42, it should be noted that the times for 
third-stage ignition, third-stage burnout, and spacecraft 
separation reported by the AFETR were 1439:32,1440: 18, 
and 1440:20, respectively. However, the times listed in 
Table 42 are considered to be more accurate because 
they were received via the C-band beacon. 
The Pioneer VIII space vehicle was successfully 
launched at 1408:OO GMT on December 13, 1967, with 
a flight azimuth of 108 deg. The launch vehicle and 
spacecraft systems performed nominally during the near- 
earth phase of the flight. The support provided by the 
Tracking and Data System was nominal except for diffi- 
Time (GMT) 
1 408 :oo 
1409:lO 
1410:30 
141 0:35 
1 4 i i : o a  
1438 4 2  
1438 4 5  
143a:sa 
i44o:i a 
141666 
1439:31 
Mark event 
Liftoff 
Thrust-augmentation rocket jettison 
Main engine (first stage) cutoff 
Second-stage ignition 
Fairing jettison 
Second engine cutoff 
Third-stage spinup 
Second- and third-stage separation 
Third-stage ignition 
Third-stage burnout 
Spacecraft separation 
culty in acquiring tracking and telemetry data from the 
third stage, which was attributed to tumbling of the stage 
following spacecraft separation. 
The RIS Twin Falls reported good S-band telemetry 
signals, but could not obtain an S-band signal lock on 
her receivers. The ship was commended for her excellent 
support on this mission. Metric data from the Twin Falls, 
together with those from Station 13, were of sufficient 
quality for the RTCF to compute predicts, which were 
forwarded to NASA stations for spacecraft-acquisition 
purposes. 
All AFETR real-time data and the doppler data from 
Stations 91 and 12 were very good. The real-time read- 
outs of third-stage bum time mark events by the AFETR 
indicated a 50% longer burn time than was expected. 
It appeared that other mark event times were being 
reported in error. 
The MSFN stations at Bermuda, Tananarive, Carnarvon, 
Guam, Hawaii, Guayamas, and the GSFC computers 
provided support to the Pioneer VIII mission. 
Preliminary data indicated nominal first- and second- 
stage propulsion-system performance. All three TX33 
solid-propellant boosters performed as expected and were 
ejected on time. 
Doppler information from downrange indicated nomi- 
nal third-stage FW4D solid-motor performance, with a 
bum time of 33.6 s. 
4. Initial acquisition. Johannesburg (DSS 51) acquired 
one-way down-link acquisition, as planned. Tracking data 
were assessed and indicated all systems in the green. 
Up-link acquisition was not attempted because of the 
short pass and excessive tracking rates near the beginning 
of the pass. Therefore, DSS 41 was considered to be the 
first acquisition station. 
Initial acquisition took place at Woomera, Australia 
(DSS 41). Following successful two-way lock, DSS 41 
reported that all station systems were in a green status 
to support command activity. Because the spacecraft was 
launched in the engineering format (Format C), at a bit 
rate of 64 bits/s, the first transmitted command was to 
increase the bit rate to 512 bits/s. After the computer at 
DSS 41 locked at the new bit rate, a command was trans- 
mitted to reinstate the Type I maneuver. This was 
necessary to preclude the possibility that the spacecraft 
attitude was not as desired because of a premature 
termination of the Type I orientation maneuver following 
automatic turn-on. 
The scientific instruments were then turned on, with 
the GSFC and ARC instrument activation followed by 
the Format B scientific format command. The turn-on 
of each instrument was spaced approximately 20 min 
apart to allow sufficient time for evaluation. 
The Type I1 orientation maneuver was successfully 
performed and controlled from DSS 12, establishing a 
spin axis normal to the ecliptic plane. This was accom- 
plished by orienting the spacecraft spin axis normal to 
the spacecraft-earth line while maintaining a normality 
to the spacecraft-sun line, thus resulting in a final spin- 
axis orientation normal to the ecliptic plane. 
The signscant initial-acquisition sequence of events 
summary is shown in Table 43. The Pioneer VIII orbital 
parameters are shown in Table 44. The heliocentric orbit 
parameters are given in Table 45. 
Table 43. Initial-acquisition sequence of events 
Time 
1455 
1455 
151 1 
1535 
1538 
1550 
1605 
1615 
1630 
1715 
1708 
1800 
1815 
1730 
1945 
2030 
Event 
DSS 41 rise 
DSS 41 acquisition 
DSS 41 set 
51 2-bits/s bit rate commanded 
Type I restart commanded 
Cosmic dust experiment power on commanded 
Plasma probe experiment power on commanded 
Magnetometer experiments power on commanded 
Format B commanded 
Cosmic dust experiment calibrate commanded 
Electric field detector experiment power on commanded 
GRCSW cosmic ray experiment power on commanded 
GRCSW cosmic ray experiment calibrate commanded 
ARC plasma probe experiment calibrate commanded 
Minnesota cosmic ray experiment power on commanded 
Stanford radio propagation experiment power on commanded 
Table 44. Heliocentric orbital parameters 
Perihelion, AU 
Period, days 
Inclination (heliocentric), deg 
Earth-to-spacecraft distance at 
syzygy, earth radii 
Time to syzygy, days 
Spacecraft distance out of 
Table 45. Parking- and transfer-orbit parameters 
Actual 
1.0886 
0.99 17 
387.5 
0.0568 
464.9 
36.0 
f8.3 
c3 
longitude of ascending node 
eep Space Phase Sup 
As part of the TDS for a flight project, the DSN is 
normally assigned to support the deep space phase of 
each mission. Responsibility for providing TDS support 
from liftoff until the end of the mission was assigned to 
the JPL office of tracking and data acquisition. A TDS 
manager worked with the JPL technical staff at the 
AFETR to coordinate the support of the AFETR, MSFN, 
and NASCOM with certain elements of the DSN needed 
for the near-earth phase support. A DSN manager and 
Project engineer, together with representatives from the 
DSIF, GCF, and SFOF, formed a design team for the 
planning and operational phases of flight support. A 
typical functional organization chart for operations is 
shown in Fig. 51. 
The Cape Kennedy station (DSS 71) was also com- 
mitted for Pioneer V I I I  mission support to make possible 
the RF compatibility-verification tests for the spacecraft. 
Beginning 31 days after launch, a maximum of 5 track- 
ing passes per week was planned, using any combination 
of the following stations: Pioneer, Echo, Woomera, Tid- 
binbilla, Johannesburg, Robledo, and Cebreros. Within 
the limits of DSN loading and station availability, it 
was also planned to use any or all of the Deep Space 
Stations to provide a minimum average coverage of the 
equivalent of 1 pass per day from 31 days after launch 
until the end of the mission. 
Because the main objective of the mission was to 
collect scientific data relative to interplanetary phe- 
nomena, special emphasis was given to support during 
solar-flare activities. The DSN commitment stated that, 
continuous tracking and data-acquisition coverage would 
be provided. 
Because of the excellent performance of the Pioneer VI 
spacecraft and the larger-than-anticipated amount of 
tracking and data acquisition support requirements and 
commitments were increased for the Pioneer VI1 mission, 
and increased in proportion for the Pioneer V I I I  mission. 
scientific data obtained during that mission, the DSN in the event of Class II or greater solar-flare events, 
The Deep Space Stations committed to support Pioneer 
V I I I  were DSSs 12, 41, 51, and 62, which were equipped 
with Pioneer ground operational equipment. With GOE, 
the spacecraft is commanded by the Deep Space Stations 
into desired modes of operation, bit rates, calibration, 
and maneuvers, and telemetry data can be sent during 
the pass to verify proper operation of the spacecraft and 
scientific instruments. In addition, at these stations, all 
telemetry data are recorded on magnetic tapes for future 
processing. These magnetic tapes are the only complete 
data record for a given pass. 
The DSN support commitment for these stations was 
one tracking pass per day during the first four days after 
launch, one maximum passg per day from five until thirty 
days after launch, and a maximum of two passes per 
week thereafter. The Tidbinbilla station was committed 
for one tracking pass per day during the first four days 
after launch and a maximum of one pass per day from 
five to thirty days after launch. The services of the 
Johannesburg station were planned on an “if available” 
basis. It was requested that, during the first four days 
after launch, Johannesburg would be available for one 
tracking pass each day. 
‘The length of a maximum tracking pass is defined by the duration 
of direct visibility of the spacecraft, limited only by the terrain and 
antenna hardware constraints. 
It was also agreed that the Pioneer V l I I  spacecraft 
tracking coverage from the stations equipped with 85-ft- 
diam antennas would be terminated when the 8-bit/s 
telemetry data were distorted by a bit-error rate of 
(1 error in 1000 detected bits, or 0.1% error) or larger, 
making further telemetry acquisition effort impracticable. 
Telemetry data with a bit-error rate of would be 
acceptable to the Pioneer Project. If available error- 
correction techniques were applied, meaningful readout 
of measurements generated by the flight instruments 
would be possible. 
Tracking and data-acquisition support was also 
planned from the Goldstone Mars station after the sup- 
port by the 85-ft-diam antenna stations had phased out. 
At the time the Pioneer V I I I  commitments were made, 
this station was not fully completed, and had not been 
given an operational status; therefore, this facility was 
made available on a “best effort” basis. 
It was also planned to have daily tracks available at the 
Mars station (DSS 14) with its 210-ft-diam antenna for 
each Pioneer mission. Because of the limitations of a 
single-station capability, the support ratio among the 
Pioneer VI, VII, and V I I I  missions at DSS 14 was to be 
coordinated by the Pioneer Project for the best utilization 
of all spacecraft instruments. 
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Fig. 51. Typical functional organization for DS mission support operations 
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Teletype and voice circuits between the SFOF and the 
Echo, Tidbinbilla, Johannesburg, and any other sched- 
uled Deep Space Stations were assigned as part of the 
GCF mission support for Pioneer VZZZ (subject to circuit 
priorities). It was also planned to furnish, during launch 
operations, three full-duplex teletype and three voice 
circuits between the SFOF and the JPL communications 
center at Cape Kennedy, and three full-duplex teletype 
and voice circuits between the SFOF and DSS 71. 
The Pioneer mission support area in the SFOF was 
committed for the SFOD and his team to direct, during 
launch operations, all elements of space flight operations, 
SPAC, and SSAC functions. It was also planned that the 
FPAC team would perform all prelaunch and  postlaunch 
computations necessary for orbit determination and pre- 
dictions. The SFOF was committed to generate medium- 
accuracy orbits based upon tracking data received from 
the Deep Space Stations, provide continuous data vali- 
dation, and render any other services necessary to make 
a reliable spacecraft acquisition as soon as possible and 
to make precision orbit data available to meet the re- 
quired accuracies. A further commitment was to furnish 
the Pioneer Project with the best possible telemetry data. 
1. Weep Space Network mission support. During the 
prelaunch countdown, DSS 41 received telemetry data 
from the spacecraft and continuously monitored the 
spacecraft communications subsystem performance and 
the compatibility of the subsystem with the DSN. The 
direction and status monitoring of the DSN was per- 
formed at the SFOF. Also, the performance of the space- 
craft and scientific instruments was analyzed at the SFOF 
from spacecraft telemetry data teletyped from DSS 71. 
These activities served as backup to similar tasks per- 
formed at Building AN. 
The Pioneer VZZZ spacecraft was launched by the two- 
stage Douglas launch vehicle-the thrust-augmented 
improved Delta. The third stage, which injected the 
spacecraft into its escape trajectory, was a United Tech- 
nology FW-4. The guidance equipment aboard the Delta 
vehicle required that a fixed launch-azimuth and parking- 
orbit coast time be used for each launch block. 
The launch vehicle boosted the third-stage-spacecraft 
combination into a rather elliptical parking orbit. Near 
the end of the parking-orbit coast period, the third-stage- 
spacecraft combination was spun up, the second stage 
was separated from the third stage, and the third stage 
was ignited. 
The third-stage burn had a fixed direction in space. 
The thrust vector lay in the inertial launch plane, and 
was so directed that the flight-path angle at the end of 
the burn was very nearly zero. 
About 1 min after third-stage burnout, the spacecraft 
separated from the third stage, the spacecraft booms 
were deployed, the TWT amplifier was turned on, and 
the Type I orientation maneuver was begun. This maneu- 
ver, which is performed with sun sensors, places the spin 
axis of the spacecraft normal to the sun-spacecraft line. 
This orientation permits maximum output from the solar 
panels located on the sides of the cylindrically shaped 
spacecraft. 
The Type I1 orientation maneuver is normally done 
during the second pass over Goldstone. This maneuver 
places the spin axis of the spacecraft approximately 
normal to the ecliptic plane-an orientation that allows 
the high-gain antenna to illuminate the earth contin- 
uously throughout the mission. 
About 35 days after launch, the spacecraft passed 
through syzygy (Fig. 52) with the sun and earth. At this 
time, Pioneer VZZZ was about 500 earth radii from the 
earth. Valuable scientific measurements of the magneto- 
sphere of the earth were made during the 10 days or so 
that the spacecraft spent in the “tail of the earth.” 
The major objectives and events during the early 
phase of the mission are shown in Table 46. 
Following syzygy, Pioneer VZZZ continued on its out- 
ward mission, reaching an aphelion distance of approx- 
imately 1.1 AU about 180 days after launch. Scientific 
EARTH SYZYGY DISTANCE = 
so0 EARTH RADII 
PIONEER Vlll TRAJECTORY 
LCAVITY IN SOLAR WIND \ l l Y Y  
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Table 46. Pioneer Vlll major events 
Approximate 
time LGMT) 
1408 (Dec 13) 
Lf32 min 
L f 3 4  min 
L f 3 1  to L+44 min 
L f 4 9  min 
L+55 min 
L f 2 0  h 
Lf64 to L f 6 8  h 
L4-35 days 
Event 
launch 
Separation 
Type 1 
orientation 
DSS 51 view 
period 
DSS 41 acquire 
one-way 
DSS 41 acquire 
two-way 
Monitor science 
. data 
Type I I  
orientation 
Objective 
Place Pioneer Vlll in a 
heliocentric orbit 
with an aphelion 
of 1 . 1  AU 
Orient spacecraft so 
that solar panels 
receive maximum 
energy from sun 
Obtain telemetry data 
to assess health of 
spacecraft (only 
during last 5 to 7 
min of view period 
are data obtained 
because of high 
tracking rates) 
Obtain telemetry data 
to assess spacecraft 
health and verify 
Type I orientation 
Obtain both tracking 
and telemetry data 
to assess spacecraft 
health and deter- 
mine trajectory 
Determine magneto- 
sheath characteristics 
Orient spacecraft to 
obtain maximum 
signal from high- 
gain antenna 
Monitor science data 
to determine 
characteristics of 
geomagnetospheric 
tail 
measurements on fields and particles continued through- 
out the early lifetime of the mission (6 mo). 
The DSN performed one-way data acquisition at 
Johannesburg, South Africa (DSS 51) at 1443. Deep Space 
Station 51 tracked Pioneer VIII for approximately 10 min. 
The station at Woomera, Australia (DSS 41) acquired 
spacecraft data at 1455. The first command was trans- 
mitted from DSS 41 at 1462. Initial data analysis indi- 
cated that all spacecraft subsystems were performing 
normally. All on-board scientific instruments were com- 
manded on, and transmitted valuable scientific informa- 
tion on the interplanetary medium. Data were also 
transmitted by the Test and Training Satellite, a radio- 
relay communications satellite that was placed into an 
earth orbit. 
During this phase, the SFOF provided all necessary 
services, functions, and equipment. The FPAC team 
made computations of the parking orbit, which was 
nominal. The orbit computed by the SFOF, available 
35 min after launch, was used as a backup to the orbit 
computed by the AFETR. The deviation between the 
two orbits was within the required accuracy limits. The 
computation of the solar orbit started 1 h after launch, 
using two-way tracking data from DSS 41. The first 
computed solar orbit, available approximately 2 h after 
launch, was used immediately to generate new predic- 
tions for the Deep Space Stations. Three more orbits 
were generated within 20 h after launch, also using 
two-way tracking data from the Deep Space Stations. 
All of the computed orbits were very similar, and fit the 
available data almost perfectly. 
The GCF supplied all necessary support prior to, 
during, and after the launch of Pioneer VIII. 
All committed tracking and data-acquisition services 
were furnished to the Pioneer Project to make available 
almost continuous telemetry information, with the lowest 
bit-error rate, as well as the necessary two-way doppler 
tracking information required to update the orbit param- 
eters and generate frequency predictions for the Deep 
Space Stations. 
Every phase of the mission was very successful, and all 
flight instruments sent back excellent data on fields and 
particles. Based on its performance thus far, the esti- 
mated total lifetime of the Pioneer VIII spacecraft is 5 yr. 
This period is used in DSN planning to estimate the 
future tracking and data-acquisition support necessary 
for the mission. 
2. Deep Space Instrumentation Facility. 
a. Deep Space Station operations. The information 
given per pass is a sequence of problems and corrections 
from the launch pass through pass 171 (May 31, 1968). 
Only those equipment malfunctions and failures that 
affected data acquisition or were of a great enough mag- 
nitude to require extensive investigation are listed in the 
paragraphs that follow. 
Launch through pass 15. During this period, Pioneer 
VZZZ was supported by a network consisting of DSSs 12, 
14,41,51,62, and 711° that provided continuous coverage 
of the Pioneer VZZI spacecraft. The predicted vs actual 
signal levels for the launch phase are illustrated in Figs. 
53, 54, and 55 for DSSs 71, 51, and 41, respectively. 
When the time and number of stations tracking the 
spacecraft are considered, the number of anomalies 
during the subsequent period were few. Major anomalies 
as follows: 
Maser down at DSS 12 because of compressor oil 
leak that contaminated lines, but backup support 
of paramp prevented loss of data. 
Several transmitter failures - throughout network 
were attributed to excessive forward power indi- 
cations that tripped interlock switch. 
An intermittent receiver acquisition frequency 
control module resulted from a defective poten- 
tiometer. No loss of data occurred. 
The transmitter failure was evaluated and, as a result, the 
overload interlock requirements were revised. No other 
equipment problems caused loss of data. 
Passes 16 through 30. During passes 17 and 19, the 
transmitter at DSS 62 tripped off because of excessive 
forward power. After investigation by the cognizant engi- 
neer, it was decided to increase the forward power inter- 
lock to the m&imum point. The CEC recorder failed 
during pass 19 at DSS 12. This was caused by a defective 
relay. Investigation showed that the points were burned, 
and replacement was necessary. 
During pass 20, DSS 62 reported a malfunction in the 
maser-paramp coaxial switch during the precalibrations, 
and that the pass would have to be performed in the 
paramp configuration. The switch was changed at the 
end of the pass, and created no other problems. Because 
of the strong signal level at this range, no loss of data 
occurred. 
During pass 29, the secondary rubidium standard at 
DSS 12 was taken out of service because of a noisy 
internal loop, and replaced by a Knight oscillator. This 
unit has had the same problem in the past, and was 
subjected to extensive testing and checkout in the repair 
depot. 
'ODSS 71 was used for launch only. 
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A predicted signal strength for the first 200 days of the 
Pioneer VZZZ mission was calculated, and is shown in 
Fig. 56. 
Passes 31 through 45. Deep Space Stations 12, 14, 41, 
51, and 62 continued to provide 24-h tracking support of 
Pioneer VZZZ during this period. At DSS 51, the cone- 
aperture polarizer was used with satisfactory operation. 
Nominal tracking support was reported except for the 
significant anomalies described below. 
During pass 31, at DSS 51, excessive oxide buildup 
required the stripping of the recorder for head cleaning. 
No data were lost; however, prime data tapes were from 
alternate recorders. 
At DSS 41, during pass 31, the maser failed because of 
a broken spring on the displacer assembly. Tracking was 
switched to paramp, with approximately 2 min of data 
lost. Deep Space Station 41 continued paramp operation 
through passes 32 and 33. 
During pass 37, at DSS 41, a transmitter current over- 
load interlock tripped and immediately reset; no data 
were lost. 
At DSS 12, during pass 45, a power failure caused a 
partial warmup of the maser. The antenna was switched, 
to paramp and back to maser after approximately 2 h. 
The same power failure also caused the transmitter to go 
off; no data were lost. 
Passes 46 through 79. Pioneer VZII received tracking 
support from DSSs 11, 12, 41, 42, 51, 61, and 62 during 
this period. 
During pass 50, DSS 11 provided support rather 
than DSS 12. A command was scheduled to be sent to the 
spacecraft during this pass; however, incorrect micro- 
wave patching prevented the command from being 
received at DSS 11. Record-only support was provided 
by DSS 42 during passes 48 through 52 because DSS 41 
was committed to support termination of the Lunar 
Orbiter spacecraft. 
At the start of pass 50, DSS 62 was unable to move its 
antenna because of a short circuit in the emergency- 
disable line of the declination axis; the emergency line 
was disconnected. Deep Space Station 61 was called up 
on a record-only basis to back up DSS 62 for approxi- 
mately 2 h to accomplish the necessary repairs. Approxi- 
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Fig. 56. Pioneer Vlll predicted signal strength vs time 
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mately 2 h and 45 min of tracking time was lost during 
this maintenance. Also during pass 50, a synthesizer 
blown fuse at DSS 62 caused an additional 10-min 
outage of doppler data. 
During pass 52, a power failure in the exciter pre- 
vented the transmitter from coming on at DSS 71. The 
antenna was pointed toward zenith to replace the power 
supply. Approximately 50 min of tracking time was lost 
during this failure. The doppler data were invalid for 
approximately 4 min longer after the power supply was 
replaced because a cable that had been disconnected 
during troubleshooting of exciter failure was not imme- 
diately reconnected. The spare GOE units at DSS 12 
were installed in two racks, and checked out. After it 
had been determined that the proper cooling and cabling 
requirements were met, the equipment was put on line 
during pass 55. The data proved to be satisfactory, and 
the spare equipment was sent to DSS 14 for direct 
support of Pioneers VZ and VZZ, permitting DSS 12 to 
concentrate on Pioneer VZIZ. 
During pass 56, a maser warmup was reported, caused 
by contamination, at DSS 12. The paramp was then used. 
A faulty maser magnet header regulator caused a slight 
gradual decrease in signal level at DSS 12 during pass 57. 
No data were lost. 
During pass 58, a faulty relay on the DIS tape spool 
caused loss of Interim Monitoring Program (IMP) data 
for 40 min at DSS 62. Improper predict format resulted 
in bad IMP doppler data at DSS 12. During pass 59, an 
improper selector switch setting resulted in bad IMP 
doppler data for approximately 45 min. 
Johannesburg (DSS 51) was in the record-mode con- 
figuration during the above periods because its GOE had 
been shipped to ARC and to DSS 62 for modification. 
The Goldstone Echo station (DSS 12) tracked only one 
pass during this period before the station went down for 
reconfiguration; the GOE was then used to support 
DSS 11. 
Woomera (DSS 41) experienced multiple transmitter 
outages. These outages were caused by overload relay 
operation, which resulted because an engineering change 
intended to extend the overload limits had not been 
incorporated. The Woomera station has since been re- 
configured and modified. 
During pass 72, a spurious interrupt halted the pro- 
gram, causing a loss of teletype data for 20 min at 
DSS 62. The program was reloaded, and data trans- 
mission was continued. These data were recorded on a 
magnetic tape during this period for data reduction. 
Acquisition was delayed 43 min at DSS 11 during 
pass 78. The waveguide switch on transmitter 1 was stuck 
between the antenna and the load, preventing operation 
on either transmitter. When the switch was freed, DSS 11 
acquired the spacecraft. 
The microwave equipment at the Goldstone communi- 
cations center was relocated soon thereafter. During 
pass 78, a test was performed between DSSs 11 and 12 
to determine whether there was degradation of the 
telemetry and command signals between the microwave 
link and the land line. The best way to compare the two 
communication links is to compare the parity error rate. 
At most stations, the parity error rate was 0.000 at this 
time for Pioneer VZZZ; because of the difference in micro- 
wave configuration between DSSs 11 and 12, however, a 
small error was noted. On the microwave link, the 
average parity error rate was 0.006 vs 0.010 on the land 
line, which indicated that the land line could be used 
while the microwave link was being relocated. 
Passes 80 through 110. Pioneer VZZZ was tracked by 
DSSs 11, 12, 14, 41, 42, 61, and 62 during this period. 
The following occurrences during this reporting period 
are of interest: 
(1) Although DSS 12 was down for modification (up- 
dating), the GOE and TCP were used to support 
DSS 11. 
(2) Deep Space Station 14 tracked Pioneer VIZZ for 
two passes because DSS 11 had prior commitments. 
(3) At the beginning of the month, DSS 41 tracked the 
Pioneer VZZZ spacecraft for two passes before the 
station was decommitted for modification (up- 
dating). 
while its GOE was being modified at ARC. 
(4) Deep Space Station 42 tracked a record-only pass 
(5) Deep Space Station 61 tracked one pass to deter- 
mine the operational status of the microwave link 
between DSSs 61 and 62. The reduced data were 
of good quality, and compared well with the data 
received from DSSs 11 and 12. 
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The masers were the main problem at DSS 11. The 
secondary unit was down for repair during pass 97; also, 
the prime unit developed a crosshead problem. Deep 
Space Station 11 was released from the Pioneer tracking 
operation to work on the maser problems. The Goldstone 
Mars Station (DSS 14), which was scheduled for a 
polarization test, was configured to cover pass 97 in lieu 
of DSS 11. 
The Goldstone Pioneer station (DSS 11) had antenna- 
pointing problems caused by erroneous inputs from the 
tracking data handling subsystem. This problem caused 
a loss of data when the antenna was driven off the space- 
craft. The antenna-pointing problem was corrected by 
repairing a connector at the DLS-TDH J-box. Also, an 
oxidized (dirty) potentiometer in the acquisition control 
unit caused receiver malfunctions while the exciter VCO 
was being tuned. This problem was corrected by re- 
placing the unit. 
Passes 111 through 140. During this period, the 
Pioneer VZZZ spacecraft received tracking support from 
DSSs 11, 12, 42, 61, and 62. Occurrences of note are 
described below. 
Deep Space Station 12 supported DSS 11 via micro- 
wave and land line during passes 114 through 135. This 
support allowed DSS 11 sufficient time to install a 
circular-to-linear polarizer during pass 116 and for 
relocation of microwave equipment. A test was conducted 
on the land line prior to this support to prove it satis- 
factory for the Pioneer subcarrier. However, although 
it was satisfactory, there was approximately 0.9-dB loss 
because of frequency response limitation. During pass 
120, DSS 62 also installed a polarizer. These polarizers 
recovered the standard 3-dB polarization loss. The in- 
creased signal level made it possible to reduce data at a 
higher bit rate, as shown in Fig. 57. 
Tidbinbilla (DSS 42) was in the record-only mode 
during this reporting period. The signal strength at 
DSS 42 was approximately 3 dB less than that of DSSs 11 
and 62 because of the lack of a polarizer. Towards the 
end of the month, DSS 42 was unable to confirm 
the quality of the recorded raw telemdtry data because 
of the low signal level. The modified GOE was installed 
at DSS 42, and was in operation during the next report- 
ing period. 
Robledo (DSS 61) tracked several times during this 
period, with the support of DSS 62. Cerebros (DSS 62) 
performed most of the tracking operation at Madrid, but 
was down the next month for updating and reconfigura- 
tion. At both stations (DSSs 61 and 62), the microwave 
link was operating satisfactorily, and no problems were 
reported. 
TIME FROM LAUNCH, days 
Fig. 57. Predicted signal strength vs time from launch 
Passes 141 through 171, Pioneer VIZI was tracked by 
DSSs 11, 12, 14, 42, 61, and 62 during this period. Deep 
Space Stations 12 and 14 supported DSS 11, and DSS 62 
supported DSS 61, via microwave during this reporting 
period. The Mars station (DSS 14) supported two passes 
when DSS 12 was down for rework. Tidbinbilla (DSS 42) 
had its GOE modified for coded-uncoded modes, and 
tracked in an engineering-evaluation mode only until 
the final checkout tests were completed towards the end 
of the month. 
A telecommunication design control table for carrier 
signal strength is described in Table 47. The calculated 
value agreed quite well with actual values recorded. 
Only the problems causing loss of data during this 
period are included in the paragraphs that follow. 
During passes 143, 154, 157, 160, and 161, the antenna 
pointing subsystem (APS) program at DSS 61 continued 
to cause intermittent problems; the cause was finally 
found to be a circuit-board wiring problem. 
During pass 147, DSS 42 detected several receiver 
malfunctions while tuning the exciter. Noise and spikes 
were observed in the transmitter spectrum, caused by 
an oscillation in the declination low-speed tachometer 
No. 
1 
2 
3 
4 
5 
6' 
7 
8 
9 
1 oa 
1 I* 
12 
13 
1 4' 
15 
16 
17 
circuit. The receiver problem was solved by replacing 
the low-speed drive belt. 
During passes 152 and 153, DSS 61 experienced re- 
ceiver malfunctions and loss-of-lock indications while tun- 
ing the exciter; however, noise or spikes were observed 
in the transmitter spectrum. The acquisition potentiom- 
eter was changed, which corrected the problem. 
During pass 168, DSS 11 was late acquiring the space- 
craft because of inoperative declination angle high-speed 
control on the antenna. The station temporarily used the 
low-speed control to acquire the spacecraft. A resistor 
located in the declination servo amplifier was replaced, 
which corrected the high-speed control problem. 
b. Deep Space Station tracking support. Table 48 
gives a detailed breakdown of the tracking support pro- 
vided for Pioneer VIZZ by the Deep Space Stations from 
launch through pass 171, covering a period of some 6 mo. 
The following significant information is contained in 
Table 48: 
(1) Pass number. 
(2) Deep Space Station number. 
(3) Day of year (GMT). 
Table 47. Abbreviated telecommunication design control table, Pioneer VIII, pass 170 (day 1511 
Parameter 
Total transmitter power 
Transmitting circuit loss 
Transmitting antenna gain  
Transmitting antenna pointing loss 
Space  losr: 2292 MHz, R = 3.04 x 10' km 
Polarization loss 
Receiving antenna gain (210 f t  diam) 
Receiving antenna pointing IOU 
Receiving circuit loss 
Net circuit loss 
Total received power 
Receiver noise spectral density (noise bandwidth) (T system = 55'K) 
Carrier modulation loss (0 = 0:9 f 5%) 
Received carrier power 
Carrier APCb noise bandwidth (2BL, = 12 Hz)" 
Measured carrier power 
Calculated (14) - measured ( 1  6) carrier power with polarizer installed 
Value 
38.4 dBm 
0.4 dB 
11.2 dB 
(Included in No. 3) 
249.3 dB 
3.0 or  0 dB 
53.0 dB 
0 dB 
0.2 d 6  
188.7 or 185.7 dB 
150.3 or 147.3 dBm 
181.2 dBm 
4.1 dB 
154.4 or  151.4 dBm 
10.8 dB 
151.4 dBm 
0 d 6  
Tolerance, dB 
0.2 
0.5 
0.5 
- 
0.3 
1 .o 
- 
0.1 
2.4 
2.6 
0.7 
0.5 - 
0.0 
- 
- 
aThe 3 dB loss i s  experienced when station i s  using circular-polarized configuration; 0 dB when using matching linear-polarized configuration. 
bAPC = automatic phase control. 
~ ~ B L o  = APC loop bandwidth at 0 d6 SNR. 
-0.2 
-0.6 
-0.5 - 
- 
-0.3 
- 0.5 - 
-0.1 
- 2.0 
- 2.2 
- 0.9 
- 0.5 
- 0.5 - 
- 
Acquisition time (GMT). 
End of track (GMT). 
Ground modes (one-, two-, and three-way start and 
stop times). 
Average received signal levels, dBm. 
Configuration. 
Commands (total). 
Average parity error rate (PER). 
Bit rate, bits/s. 
Comments. 
3. Space Flight Operations Facility. The SFOF pro- 
vided all necessary services, functions, and equipment to 
make a highly successful launch possible for Pioneer VZZZ. 
The FPAC team started its computation of the parking 
orbit, which had been nominal at 35 min after launch, as 
a backup computation to the AFETR activity. The devi- 
ation between the AFETR and JPL parking orbits was 
within the required accuracy limits. The computation 
of the solar orbit started 1 h after launch, using two-way 
tracking data from DSS 41. The first solar orbit, avail- 
able approximately 2 h after launch, was called the 
PROR orbit, and was used immediately to generate new 
predicts for the Deep Space Stations. Three more orbits 
were generated within 20 h after launch, using two-way 
tracking data from DSSs 12, 41, and 62. The second, 
third, and fourth orbits were very close, and the fit to the 
available data was almost perfect. All other necessary 
support was performed satisfactorily. 
VI. Pioneer Vlll Tracking and Data System 
Performance Eva I ua ti on 
A. Mission Objectives of Pioneer Vlll 
The primary objective of the Pioneer Project is to 
obtain scientific information on interplanetary phe- 
nomena. This information provides knowledge of the 
interplanetary environments that is required for planning 
unmanned and manned interplanetary projects. It is also 
required to develop knowledge regarding the propaga- 
tion of particles from the sun to the vicinity of the 
earth, and to provide tools for exploration of the effects 
caused by dynamics of the surface of the sun. Acquisi- 
tion of this information should also provide an increased 
understanding of solar phenomena in general; it may 
also permit a detection of the interface between the solar 
and galactic magnetic field, which might have implica- 
tions relative to the origin of cosmic rays and the his- 
toric mechanism of the galaxy. Scientific information 
pertaining to the characteristics of solar radiation related 
to the capability for solar-flare prediction, and informa- 
tion revealing the properties and distribution of particles 
in interplanetary space, are of particular importance to 
Apollo and other planetary exploration programs. 
Scientific observations of the characteristics of mag- 
netic fields, plasma, and high-energy particles in inter- 
planetary space beyond the influence of the earth can 
provide a better understanding of the mechanism related 
to the propagation through space of solar disturbances, 
terrestrial phenomena related to such disturbances, and 
the relationship between solar and galactic fields. 
These characteristics are influenced by solar phe- 
nomena, and vary both temporally and spatially. It is 
believed that they are influenced, on a large time scale, 
by the magnitude of solar disturbances, which vary 
periodically over an 11-yr cycle. Because such distur- 
bances are generally localized on the surface of the sun, 
and because the sun rotates, the spatial variation is 
surmised. 
The broad objectives of the Pioneer Project are to 
conduct the aforementioned scientific observations and 
to determine the temporal and spatial variations of the 
interplanetary phenomena. To implement these objec- 
tives, the plan called for five flights, to be launched at 
intervals of approximately 8 to 12 mo, to cover the period 
from near-minimum to maximum solar activity. 
Spatial effects were to be determined by launching 
two of these spacecraft in such a direction that they 
would move ahead of the earth with increasing time 
(inward launch), and by launching three of the space- 
craft to move behind the earth with increasing time 
(outward launch). Pioneers VZ and ZX are in the former 
category; Pioneers VZZ, VZZZ, and E are in the latter 
category. 
All Pioneer flight missions were used to fulfill the 
requirements of the Pioneer space weather monitoring 
mission. A portion of the scientific data was teletyped 
to Ames Research Center, processed, analyzed, and then 
transmitted to the Department of Commerce, the Environ- 
mental Sciences Service Administration (ESSA), and the 
Space Disturbance Center within a few hours after the 
measurements were made. The Space Disturbance Center 
uses this information as one of many sources in the 
preparation of its daily Space Disturbance Forecast. 
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While meeting these broad objectives, the Project can 
also achieve other, more specific objectives. For example: 
the trajectory of Pioneer VZZZ (as of Pioneer VZZ) was so 
designed that the spacecraft passed through the geo- 
magnetospheric tail within about 600 earth radii. Par- 
ticle and field measurements could thus be made in this 
region. 
It is the responsibility of the Tracking and Data 
System to provide efficient and sufficient support to 
collect the aforementioned valuable data by its resources 
during both the near-earth and deep space phases of 
each mission. 
B. Near-Earth Phase 
The near-earth phase support portion of the TDS for 
the Pioneer VZZZ mission included selected resources of 
the AFETR, the MSFN, NASCOM, the data operations 
branch of GSFC, and the DSN. 
The overall performance of the TDS during the near- 
earth phase of flight was satisfactory. The most signilkant 
deficiency was the difficulty encountered in acquiring 
tracking and telemetry data from the third stage after 
solar-orbit injection. 
Table 49 gives the TDS near-earth phase support 
configuration for Pioneer VIZZ. The in-flight events are 
listed in Table 50. 
1. Air Force Eastern Test Range. The elements and 
facilities of the AFETR supported the near-earth phase 
of the Pioneer VIZZ mission with a satisfactory perfor- 
mance. The information given below provides some 
understanding of how this was accomplisned. 
a. Tracking. Estimated and actual radar coverages 
are shown in Fig. 58. All Class I metric coverage require- 
ments were met, with the actual coverage equalling or 
exceeding the estimate at most stations. Valid third-stage 
tracking data were difficult to obtain. It is believed that 
this was caused by tumbling of the third stage following 
third-stage-spacecraft separation. 
Station 1.16 radar at Cape Kennedy experienced a 
short signal dropout during its coverage interval. Re- 
dundant coverage was available during this period. It 
was established later that the 1.16 radar dropout was 
caused by a tube failure in the range tracker circuit. The 
Ascension 12.18 radar was about a minute late in acquir- 
ing track. This was attributed to a drift in the pulse-code 
Table 49. TDS configuration for near-e 
support of Pioneer Vlll 
Kennedy Space Center 
Cape Kennedy 
Patrick AFB 
Grand Bahama Island 
Grand Turk 
Antigua 
Ascension 
RIS Twin Falls 
RIS Pretorio 
Bermuda 
Tananarive 
Carnarvon 
Guam 
Hawaii 
Guaymas 
DSS 71 
DSS 51 
DSS 41 
=Engineering test basis. 
Table 50. Pioneer Vlll in-flight events  
Mark 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
Time 
( O W  
Even1 
liftoff 1408:00.265 
Solid motor jettison 1409:10.55 
Main engine cutoff 141 0:30.14 
Second-stage ignition 1410:35.71 
Shroud jettison 141 1 :08.39 
Surtainer engine cutoff 141 6:56.8 
Third-stage spinup 1438:42.8 
Second-third-stage separation 143B:45.1 
Third-stage ignition 1439:32.5' 
Third-stage burnout (iniection) 1 440:lE.l ' 
Third-stage-spacecraft separation 1 440:20 
Spacecraft boom deployment 1440:20 
Elapsed 
time, s 
- 
70.28 
140.87 
155.04 
188.1 1 
536.53 
1841 .81 
1844.73 
1891.77 
1937.73 
1939.83 
1939.83 
I aReadout of retransmitted launch-vehicle telemetry at Hangar AE indicated that Mark 8 occurred at 1438d8.1 and Mark 9 at 1439:31.7. I 
generator. The Pretoria radar experienced intermittent 
track, probably caused by tumbling. 
b. S-band telemetry. Actual S-band telemetry cover- 
ages are shown in Fig. 59. Usable data were obtained 
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Fig. 58. AFETR radar coverage 
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Fig. 59. AFETR S-band telemetry coverage (actual) 
by Tel-4, Antigua, Ascension, Grand Bahama Island, and 
the RISs Twin Falls and Pretoria. 
The gap in the Twin Falls S-band coverage occurred 
when the spacecraft was switched to the TWT amplifier, 
and was caused by the delay required for the TWT fila- 
ment to reach operating temperature. 
c. VHF telemetry. Estimated and actual VHF telem- 
etry coverages are shown in Fig. 60. In general, good 
VHF telemetry coverage was provided. Grand Bahama 
Island acquisition of the 234-MHz link was approximately 
5 min late because of operator error. Redundant, over- 
lapping coverage from Tel-4 and Antigua was available 
during this period. 
Mark event times that were received and read out 
by AFETR stations are shown in Table 50. The third- 
stage burn time mark event readouts from the RIS 
Twin Falls proved to be erroneous. 
d.  Real Time Computing Facility. Metric tracking 
and computed data flow are illustrated in Fig. 61. The 
RTCF orbital computations for Pioneer VlZZ are listed 
in Table 51 and discussed below. 
A parking orbit was computed using Antigua free- 
flight data. This solution indicated an almost nominal 
parking orbit. An interrange vector, standard orbital 
parameter message, orbital elements, and look angles 
for Guam, Hawaii, Guaymas, and Tananarive were pro- 
vided from this solution. 
A theoretical transfer orbit was computed by the 
RTCF using Antigua data plus nominal third-stage burn 
parameters. An IRV, SOPM, orbital elements, and DSN 
predicts for DSSs 51 and 41 were computed from this 
solution. The SFOF reported that these predicts agreed 
closely with the nominal predicts. Third-stage look angles 
for Tananarive and Carnarvon were also computed from 
this solution. 
An initial transfer orbit was computed by the RTCF 
using a 2-min span of Pretoria data. An IRV, SOPM, 
orbital elements, and solar mapping were provided from 
this computation. The RTCF also computed DSN pre- 
dicts for DSS 41 and updated look angles for Carnarvon. 
A second transfer-orbit solution, based on Twin Falls 
data, was computed to verify the Pretoria solution. This 
computation agreed closely with the Pretoria solution. 
The Tananarive and Carnarvon radars were scheduled 
to provide metric tracking data during the transfer orbit. 
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Fig. 60. AFETR VHF telemetry coverage 
178 JPL TECHNICAL MEMORANDUM 33-426, VOL. 111 
i/ 
L 
I I 
n n  
u u  
n n  
00 
~ N Q s u  
Tananarive did not acquire track, and no usable Car- 
narvon data were provided to the RTCF for orbital 
computations. 
The RTCF used 10 min of DSS 41 data to compute an 
actual spacecraft transfer orbit. This solution was con- 
sidered only fair. An IRV, orbital elements, SOPM, and 
solar mapping were provided from this solution. 
A second actual spacecraft orbit based on 45 min of 
DSS 41 data was computed by the RTCF. This solution 
was considered good. An IRV, orbital elements, SOPM, 
solar mapping, and an I-matrix were provided from this 
solution. Deep Space Network predicts for DSSs 41 and 
51 were also provided. 
The RTCF also provided near-real-time metric data 
in decimal format during the near-earth phase. Data in 
decimal format were provided from Grand Turk Island, 
Antigua, Ascension (TPQ-18), Pretoria, Tananarive, and 
Carnarvon. 
2. Manned Space Flight Network. The MSFN config- 
uration to support the Pioneer VlII mission performed 
satisfactorily. 
a. Radur. Table 52 gives information relative to MSFN 
radar evaluation. Estimated and actual C-band tracking 
coverages are shown in Fig. 62. Tananarive, which was 
committed on a best-obtainable basis, did not acquire 
track. This was attributed, again, to probable tumbling 
of the third stage. 
Carnarvon also failed to acquire third-stage track. The 
station reported poor beacon returns and severe count- 
down. Second-stage track was achieved through use of 
the acquisition-aid bus because neither the GSFC acqui- 
sition message nor the AFETR look angles were received 
(although generated and transmitted as required) and 
the nominal pointing data were unusable (see Subsec- 
tion A-2-c, below). 
The Hawaii station also did not receive its acquisition 
message before AOS. The station acquired second-stage 
track through the use of nominal pointing data. 
Spacecraft two-way acquisition at DSS 41 (the prime 
DSN acquisition station) was delayed because of side- 
band and sidelobe lock-on problems. 
b. Telemetry. Table 53 gives an evaluation of MSFN 
telemetry support. Estimated and actual VHF telemetry 
coverages are shown in Fig. 63. Good second-stage telem- 
etry data were received by the MSFN stations; however, 
third-stage data were poor and unusable because of 
severe signal fluctuations. 
Bermuda reported that strong RF interference from a 
local TV station caused a 2-min dropout of second-stage 
data shortly after initial AOS. The station confirmed 
mark event 5 (SECO). The requirements for retransmis- 
sion of launch-vehicle telemetry data to Building AE at 
Cape Kennedy were cancelled before launch because 
of the removal of sensor connections from the third stage. 
c. Computer. The real-time acquisition messages were 
delayed because of GSFC 7094/494 computer-interface 
problems. Subsequent investigation revealed an incom- 
patibility between the on-line computer hardware and 
the software at the input of the 494 communications 
processor. These incompatibilities have since been re- 
solved. Table 54 describes the Pioneer VIZZ computer 
support. 
Regarding the reported lateness (or lack of) acquisition 
messages for the MSFN stations, investigation revealed 
the following : 
The acquisition messages generated by the GSFC 
data operations branch were delayed because of 
the 7094/494 computer-interface problems. 
The RTCF was required to prepare Carnarvon 
look angles for the third stage only, not the second 
stage. An IRV for the second stage was computed, 
transmitted, and received on time. 
Although the GSFC acquisition message for Hawaii 
was late (because of the aforementioned computer- 
interface problems), the RTCF computed and 
transmitted second-stage look angles on time, and 
Hawaii acquired the second stage using these look 
angles. 
Tananarive, Guam, and Guaymas received their 
RTCF look angles on time. 
d. Ground communications. NASCOM supported the 
Pioneer VIII mission with the circuits listed in Table 55. 
A requirement was placed with the AFETR for use 
of both voice and teletype circuits to DSS 51 via facilities 
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Table 51. RTCF orbital computations for Pioneer Vlll 
Theoretical transfer orbit 
Transfer orbit 
Actual spacecraft transfer orbit (1) 
Actual spacecraft transfer orbit (2) 
l f l 8 9 0  
L f 1 8 9 0  
l f l 8 9 0  
computation, s 
Data source 
Antigua 
Antigua plus nominal 
third-stage burn 
Pretoria 
DSS 41 (10 min) 
DSS 41 (45 min) 
Station 
Tananarive 
Carnarvan 
Hawaii 
Table 52. Pioneer VI11 C-band radar 
Requirements 
During pass 1, beacon track Delta 
third stage on best-obtainable 
basis from AOS to LOS and trans- 
mit real-time low-speed data to 
GSFC and RTCF 
During pass 2, beacon track Delta 
second stage on best-obtainable 
basis from AOS to LOS and trans- 
mit real-time data to GSFC and 
RTCF 
During pass 1, beacon track Delta 
third stage on best-obtainable 
basis from AOS until directed to 
switch to beacon track Delta 
second stage. Carnarvan was to 
transmit real-time data to GSFC 
and RTCF. When directed to switch 
and beacon track Delta second 
stage to LOS, Carnarvon was to 
transmit real-time data to GSFC 
and RTCF 
During pass 1, beacon track Delta 
second stage from AOS to LOS 
and transmit low-speed data to 
GSFC 
Predicted AOS-LOS, 
min:s 
Pass 1 (third stage): 
3 . ~ 0  to 80~20 
Pass 2 (second stage): 
137:OO to 14530 
Third-stage Delta: 
43:50 to 94:OO; 
second-stage Delta: 
52:40 to 63200 
Actual AOS-LOS, 
min:s 
~ 
None 
None (third stage); 
55:26 to 61:36 
(second stage) 
78:53 to 86:24 
Qualiiy 
Good 
Goad 
Fair 
Fair 
Good 
Remarks 
Did not acquire; Delta third stage had a 
yo-yo weight released shortly after third- 
stage-spacecraft separation, which 
caused a high tumble rate of 
third stage. This was a probable cause 
for lack of acquisition. Station was 
committed on best-obtainable basis 
Valid track was not received an Delta 
third stage because of poor beacon 
returns and severe countdown. Neither 
GSFC acquisition message nor AFETR look 
angles were received, and nominal point- 
ing data were unusable; therefore, 
Carnarvon radar was forced to use 
acquisition-aid bus to acquire second 
stage. Achieved 270 s of valid track on 
second stage 
Acquisition messages were not received 
before AOS; therefore, nominal pointing 
data were used for acquisition. Obtained 
444 s of valid track an second stage. 
Last 42 s because of radiation limits 
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Fig. 62. MSFN radar coverage 
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Table 53. Pioneer Vlll VHF telemetry 
Station 
Bermuda 
Ta nanarive 
Camowon 
Guam 
Hawaii 
Guaymas 
Requirements 
Receive ond record Delta second- 
stage 234.0-MHt and Delta third- 
stage 256.2-MHz links on pass 1. 
Provide real-time readout of mark 
event 5 (SECO) 
Receive and record Delta second- 
stage 234.0-MHz link and Delto 
third-stage 256.2-MHz link on 
pass 1 on a best-obtainable basis. 
Receive and record Delto second- 
stage 234.0-MHz link on pass 2 
Receive and record Delta second- 
stage 234.0-MHz link and Delto 
third-stage 256.2-MHz link on 
pass 1 (256.2-MHt link was com- 
mitted on a best-obtainable bosis) 
Receive and record Delta second- 
stage 234.0-MHz link on pass 1 
Receive and record Delta second- 
stage 234.0-MHz link on pass 1 
Receive and record Delta second- 
stage 234.0-MHz link on pass 1 
"RFI = radio-frequency interference. 
Predicted AOS-LOS, 
min:s 
None 
Pass 1 (second stage): 
none; pass 1 
(third stage): none; 
pass 2 (second 
stage): 136:20 to 
147:OO 
Pass 1 (second stage): 
52:20 to 63:20; 
pass 1 (second 
stage): none 
66:lO to 7 5 1  0 
80:30 to 88:20 
92:20 to 101 :00 
Actual AOS-LOS, 
min:r 
Pass 1 (second stage): 
2 6 2  to 12:13; pass 
1 (third stage): 
2:13 to 12:12 
Pass 1 (second stage): 
none; pass 1 
(third stage): 34:lO 
to 72:lO; pass 2 
(second stage): 
134:50 to 144:25 
52:20 to 62:17 
41 :20 to 80:20 
64:54 to 74:12 
- 
90:03 to 9968  
Remarks 
Strong RFI' was received from local TV 
station, causing a 120-1 dropout of 
second-stage data shortly after AOS on 
pass 1. Good signals were reported for 
remainder of pass. Mark event 5 (SECO) 
was confirmed at 141 6:59 
Real-time telemetry transmission require- 
ments to Hangar AE were cancelled 
during minus count on launch day 
(reason unknown). Poor, unusable signals 
were reported from Delta third stage on 
pass 1. No signals were received from 
second-stage link during pass 1 because 
that stage was out of view of telemetry 
antenna. Good signals were reported 
from Delta second stage during pass 2 
Real-time telemetry transmission require- 
ments to Hangar AE were cancelled 
before AOS. Hangar AE reported data 
scheduled for retransmission had been 
received from other stations. Unusable 
data were received from Delta third 
stage because of severe signal fluctuations. 
Good telemetry data were received 
from Delta second-stage link 
Excellent signals were received from Delta 
second stage 
Fair signals were received from Delto 
second stage 
Good signals were received from Delta 
second stage 
1 
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TANANARIVE 
CARNARVON 
NOTE: TANANARIVE ESTIMATED COVERAGE OF SECOND 
STAGE DURING PASS 2 WAS FROM L+136:20 TO 
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FROM L+134:50 TO L+144:25 min. 
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Fig. 63. VHF telemetry coverage at MSFN 
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Table 54. Pioneer Vlll computer support at 
GSFC data operations branch 
Requirements 
Provide nominal pointing-data 
printouts to be used for mission 
planning purposes and commit- 
ting MSFN station coverage 
Generate and transmit Delta 
third-stage pointing data to 
Tananorive and Carnarvon 
before L-5 days 
Generote and transmit Delta 
second-stage painting data to 
Tananarive, Carnarvon, Guam, 
Hawaii, and Guaymas before 
1-5 days 
Generate and transmit radar- 
simulation tapes to Tananarive, 
Carnarvon, and Hawaii 
Receive launch-trajectory data from 
AFETR via launch trajectory data 
system, and use data to drive 
displays at GSFC operations 
control 
Generate and transmit real-time 
acquisition messages to partici- 
pating MSFN sites based on 
Delta second- and third-stage 
tracking data 
Reformat Carnorvon radar data to 
standard 38-character radar 
data format for transmission to 
RTCF at AFETR 
At Hawaii LOS on pass 1, furnish 
STADAN' representative opera- 
tions control with final orbital 
vector of Delta second stage for 
transmittal to NOR AD^ Space 
Defense Center duty officer at 
Ent AFB, Colo. 
Provided 
Provided 
Provided 
Provided 
Provided 
During first operational readiness 
test, acquisition message for 
Tananarive was transmitted 
approximately 6 min after 
predicted AOS because of 
problems in calculating nominal 
Delta third-stage bum 
maneuver 
During second operational 
readiness test, acquisition mes- 
sages to Tananarive were again 
delayed because of 7094 1494 
computer-interface problems 
70941494 computer-interface 
problems again caused 
untimely transmission of acqui- 
sition messages 
1401 computer was used during 
operational readiness tests and 
launch because DDP-24 was 
down for modification. This 
resulted in approximately 10 
min delay in retransmission of 
Carnarvon data to RTCF 
Provided 
"STADAN = Space Tracking and Data Acquisition Network. 
bNORAD = North American Ai r  Defense Command. 
Table 55. Pioneer Vlll NASCOM support 
of the AFETR and the communication satellite. High- 
frequency propagation forecasts were provided on all 
HF radio circuits commencing at L-8 h. NASCOM 
circuit coverage (long lines and equipment) was fur- 
nished on all circuits scheduled to support Pioneer VIII. 
The low-speed teletype circuits from both DSSs 41 
and 51 were patched around the 418/494 communications 
processors; speed was changed from 60 to 100 wpm at 
GSFC, and extended to JPL. Three low-speed teletype 
lines from Building A 0  were patched around the 494 CP 
at GSFC, and extended to JPL at 60 wpm. 
STADAN used the AFETR-provided voice circuit to 
Johannesburg in support of the TTS project. The quality 
was reported to be very good. 
Good communication support was realized throughout 
the near-earth phase, with no significant problems en- 
countered. The overall MSFN ground-communication 
configuration for Pioneer VIII is shown in Fig. 64. 
e. Summary. With the exception of the failure of 
Tananarive to acquire C-band radar and difEculties with 
the Delta third-stage telemetry at Tananarive and Car- 
narvon, all requested MSFN support was provided. 
Carnarvon reported poor C-band beacon returns and 
severe countdown of the Delta third stage, which re- 
sulted in their failure to obtain valid track. 
Carnarvon reported that neither AFETR look angles 
nor GSFC DOB acquisition messages were received for 
the second stage. The station used the acquisition-aid 
bus for C-band acquisition. 
L. 111 1 
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Fig. 64. MSFN ground communications 
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1. MSFN conference loop between MSFN operations center, Bermuda, Tananarive, Carnarvan, Guam, Hawaii, and Guaymas. 
Station 
DSS 71 
DSS 51 
DSS 41 
1 A. 
~ 
Number of Number of 
frames sent frames 
to SFOF received a t  
by T C P  SFOF 
Percent 
256 252 98.44 
42 42 100.00 
908 884 97.36 
"Monitor only" capabilities were extended an MSFN conference to GSFC Cape network coordinator RCC at Cape Kennedy Air  Force 
Station (CKAFS). 
2. 
3. 
4. 
Status loop between MSFN operations center, CNC, and Buildings AE and A 0  at CKAFS. 
Range cantral officer (RCO) loop between MSFN operations center, CNC, RCO, and KSC/ULO at range cantral center. 
Radar handaver loop between MSFN operations center, Bermuda, Tananarive, Carnarvan, Hawaii, and radar handaver controller 
CAT-1 at CKAFS. 
Computer laap between MSFN operations center, GSFC/DOB, CNC, and RTCF at CKAFS. 
Ful lduplex TTY circuits were available between MSFN operations center, Bermuda, Tananarive, Carnarvan, Guam, Hawaii, 
Guaymas, GSFC/DOB, Building AE, and Building AO. These circuits were used ta transmit law-speed radar data and aperational 
traffic. Four full-duplex TTY circuits were available between GSFC and RTCF far transmission o i  law-speed radar data, interrange 
vectors, and look ongles. 
One high-speed data circuit was available between Bermuda GSFC/DOB, and RTCF, and was used for transmission of Bermuda 
multiplexed FPQ-6 and FPS-16 radar data (2400 blts/s) to GkFC/DOB and RTCF. 
Vaice/data circuit between GSFC ond GSFC/AFETR interface building. This circuit was patched to Building AE and at GSFC far 
Tananarive transmission of velacity-meter readout data. Because only twa voice/data circuits were available at Tananarive, and ane 
o f  these was used far radar handaver, it was necessory to use send side of remaining circuit far transmission of Tananarive velacity- 
meter readout data ta Building AE. Receive side of this circuit was ta be used by MSFN N C  far transmission in blind ta Tananarive 
should need arise. 
5. 
6. 
7. 
8. 
Fig. 64 (contd) 
Both Tananarive and Carnarvon reported poor third- 
stage telemetry signals (with severe fluctuations) and 
unusable data on pass 1. 
The Delta second-stage telemetry was reported by 
MSFN supporting stations to have good to excellent 
signals. 
During launch minus count, the Cape network con- 
troller advised the MSFN network controller that Build- 
ing AE could not use Tananarive velocity-meter data 
postpass because inputs had been disconnected. Tan- 
anarive was requested to receive and record the data. 
During missions such as Pioneer, with more than one 
stage or vehicle to be tracked, it is felt that acquisition 
messages and look angles should indicate for which stage 
or vehicle these messages apply. 
3. Deep Space Network. 
a. Metric data. The trajectory was such that little or 
no two-way metric data could be obtained by DSS 51. 
Thus, DSS 41 was the prime acquisition station, and was 
responsible for obtaining good two-way metric data 
during the near-earth phase. It was planned that DSS 41 
would remain in the one-way mode for the first 5 min 
after initial acquisition, then go to the two-way mode. 
Deep Space Station 41 obtained one-way receiver lock 
at 1455:42, which was 67 s earlier than predicted. At 
1503:59, the transmitter was turned on and the up-link 
acquisition started. Two-way lock occurred at 1510:52; 
however, the station encountered sideband and sidelobe 
lock-on problems. At 1519:30, DSS 41 again performed 
the up-link acquisition sequence, and obtained good 
two-way lock at 1528: 12. 
b. S-band telemetry. Prelaunch spacecraft telemetry 
data were transmitted to the SFOF via the GOE and 
telemetry and command processor at DSS 71 as required. 
The postlaunch near-earth phase requirements for DSSs 
71 and 51 were on a best-obtainable basis only. Deep 
Space Station 71 received 9 min and 10 s of postlaunch 
telemetry data; DSS 51 received 11 min and 10 s of data. 
The initial-acquisition station (DSS 41) was to receive 
5 min of telemetry data in the one-way mode before 
going to the two-way mode with the spacecraft. 
The number of telemetry data frames received from 
each station is listed in Table 56. Twenty frames were 
missing because of a 10-s communication outage. 
Table 56. Near-earth phase, DSN 
telemetry data received 
I *TCP = telemetry and command processor. I 
C. Deep Space Phase 
The main objective of the DSN during the near-earth 
portion of the Pioneer VZZZ mission was to acquire the 
spacecraft S-band signals as early as possible to deter- 
mine orbit parameters, and to acquire telemetry infor- 
mation continuously, with the highest SNR and lowest 
bit-error rate possible. 
Before launch, antenna-pointing and frequency- 
prediction data, based on an assumed nominal launch 
and parking-orbit conditions, were provided to the sta- 
tions as preliminary acquisition data. After launch, pre- 
dictions based on AFETR tracking data for the first- and 
second-stage flights, parking orbit, and an assumed nom- 
inal third-stage performance were supplied to the DSN 
stations in near-real-time to make possible the initial 
acquisition of Pioneer VZZZ by DSSs 51, 41, and 72. 
It was the intent of the DSN to furnish all tracking 
and data-acquisition services that were required by the 
Pioneer Project. However, network capabilities and Proj- 
ect priorities, in general, make it impossible to furnish 
support that meets all requirements. 
The DSN is composed of the DSIF, the GCF, and the 
SFOF. This configuration is essential for tracking and 
data acquisition during the deep space phase of each 
mission. 
1. Deep Space Instrumentation Facility. The PioneeT 
VZZZ spacecraft was launched on December 13, 1967, 
from the Cape Kennedy facility of the AFETR, Liftoff 
occurred at 1408:00.265 at a launch azimuth of 108 deg. 
Injection to solar-transfer orbit was accomplished, and 
the escape trajectory was attained at 1439~28.552. 
2. Deep Space Station performance. This subsection 
covers the activities of the Deep Space Stations and 
their performance status from the launch phase through 
pass 171, inclusive. 
a. Data performance. 
Launch through pass 15. The Type11 orientation ma- 
neuver (pass 3 at DSS 12) was performed to establish a 
spin-axis orientation normal to the plane of the ecliptic. 
The spacecraft spin axis is positioned to maintain a right 
angle to the line joining the spacecraft and the sun. 
When successfully completed, this maneuver provides a 
360-deg scan in the ecliptic plane for the on-board in- 
struments. The final spacecraft attitude creates a refer- 
ence well suited for scientific interrogation. Because 
special equipment is located at DSS 12, it is intended 
that all Type I1 orientation maneuvers be conducted and 
controlled from Goldstone. The best-lock frequency test 
(pass 9 at DSS 12) is designed to determine the best 
values of frequencies to which the on-board receivers 
will most readily respond. 
Pass 16 through pass 30. From the time of launch, 
Pioneer VZZZ was tracked by the Deep Space Stations 
for real-time telemetry coverage. During this period, the 
spacecraft was tracked by DSSs 12,41, and 62 at a telem- 
etry bit rate of 512 bits/s. Low parity error rates obtained 
indicated that telemetry quality was good. The majority 
of alF passes tracked involved transfers (handovers); con- 
sequeptly, few pure acquisitions were recorded. Special 
data-point acquisitions performed by DSS 12 were an 
exception. In brief, performance of all subsystems was 
exceptional, and data recovery was excellent. The sig- 
nificant events that occurred during this report period 
are as follows: Goldstone (DSS 12) performed seven spe- 
cial data-point-acquisition tests during pass 24 through 
pass 30, inclusive. These tests were performed to deter- 
mine the best values of frequencies to which the on- 
board receivers would most readily respond. The results 
of each test are given below in the tracking data  
summary. 
Pass 31 through pass 45. During this period, the space- 
craft was tracked by DSSs 12, 41, 51, 62, and (on occa- 
sion) 14. Telemetry coverage was at 512 bits/s. Low 
parity error rates obtained indicated that telemetry 
quality was good. The majority of all passes tracked 
involved station transfers (handovers); consequently, few 
pure, two-way RF acquisitions were recorded. In brief, 
performance of all subsystems was nominal, and data 
recovery was exceptionally good. 
Pass 46 through pass 79. The spacecraft was tracked 
during this period by DSSs 11, 12, 14, 41, 42, 51, 61, and 
62. Several record-only passes were tracked by DSSs 42, 
51, and 61. After launch, most passes involved direct 
station transfers (handovers); therefore, few pure, two- 
way RF acquisitions were recorded. The amount of data 
recovered was excellent, and, because of the relatively 
few anomalies occurring during this report period, a 
large percentage of these data was good. Telemetry cov- 
erage was at 512 bits/s. The low parity error rates 
obtained indicated that the telemetry quality was 
exceptional. 
188 JPb TECHNICAL MEMORANDUM 33-426, W 
Pass 80 through pass 110. During this period, the 
spacecraft was tracked by DSSs 11,14,41,42,61, and 62. 
Several record-only passes were tracked by DSS 42. The 
telemetry coverage during this reporting period was 
predominantly at 512 bits/s. Toward the end of the 
month, however, the telemetry bit-rate mode was at 
both 512 and 256 bits/s. (The particular bit-rate mode 
is selected by the Pioneer Project.) The low parity error 
rate readings (less than 0.116 dBm) obtained for this 
report period indicated that the telemetry quality was 
good. Data recovery was excellent, and the amount of 
good tracking data obtained was very satisfactory. Signi- 
ficant events occurring within this report period are 
as follows: (1) cosmic-ray detection checks (pass 105 at 
DSS ll), and (2) Type I and partial Type I1 orientation 
maneuver (pass 108 at DSS 62). 
Pass 111 through pass 140. The spacecraft was tracked 
during this period by DSSs 11, 42, 62, and (on occasion) 
61. Deep Space Station 42 tracked in a record-only con- 
figuration; consequently, a large number of one-way 
passes were reported for this period. These passes are 
enumerated and listed below in the telemetry summary. 
In addition, activity at DSS 42 included several channel 6 
data-point-acquisition tests. Limited tracking (three 
passes) was performed by DSS 61. The prime Pioneer VlII 
tracking stations were DSSs 11 and 62. 
Telemetry coverage during this report period was at 
16, 64, 256, and 512 bits/s, but predominantly at 256 
bits/s. All telemetry bit-rate modes (except 16 bits/s) 
are covered below. In addition to their discussion, plots 
of the different bit rates vs day of year are included. 
Analysis of the bit rate of 16 bits/s is omitted because 
tracking at that particular rate was practically negligible. 
In summary, the low parity error rate readings obtained 
indicated that the telemetry quality was good. 
Data recovery was excellent for this period. The per- 
centage of good tracking data obtained was very high- 
higher than that received during the preceding period. 
More accurate predicts generated for this period con- 
tributed to the improvement. Aside from the data-point- 
acquisition tests, no significant events occurred during 
this period. 
Pass 141 through pass 171. During this report period, 
the spacecraft was tracked by DSSs 11, 42, and 61. 
Beginning with pass 164, DSS 42 tracked for the first 
time in a two-way configuration; however, before the 
configuration change, several engineering telemetry tests 
for GOE evaluation were performed. Activity at DSS 42 
also included several channel 6 data-point acquisitions 
while in a record-only station groiind mode. Deep Space 
Stations 12 and 62 provided the telemetry GOE and TCP 
support for DSSs 11 and 61. Spacecraft acquisitions and 
RF tracking were performed at DSSs 61 and 11. Data 
recovery by all Deep Space Stations was good for this 
period. Telemetry coverage was at 16,64, and 256 bits/s, 
but predominantly at 64 bits/s. All telemetry bit-rate 
modes (except 16 bits/s) are presented below. Plots 
of the different bit rates vs day are also supplied. In 
general, low parity error rate values were obtained, 
indicating that the telemetry quality was good. 
b. Operational performance. The down-link receiver 
signal strength, the predicted signal strength, and the 
receiver bandwidth are given for the respective stations. 
The predicted signal strength is listed for the purpose 
of comparing station performances. 
Launch through pass 15. The Deep Space Station 
performances were, in most cases, within an average of 
t-5-dBm range of the predicted down-link receiver 
signal-strength values. 
As reported in the engineering telemetry data, the 
up-link signal strength for channel 6 had an average 
maximum of - 120 dBm for 10-kW ground-transmitter 
power. The engineering data processed by the TCP 
had an assigned up-link value of - 153 dBm for one-way 
passes. This value was consequently neglected in com- 
puting the total average up-link signal strength. 
Actual minutes tracked were 29,603 as compared with 
29,621 min scheduled; as a result, the actual tracking 
time was only 18 min less than the scheduled time. 
The ground transmitter was on for 21,083 min. Be- 
cause several record-only passes were tracked during 
this period, any deficit between the transmitter-on time 
and total time tracked is accountable. In addition, a 
few transmitter failures were recorded (see Table 57). 
Receiver one-, two-, and three-way lock was main- 
tained for 29,467 min. This time represents approximately 
99.7% of the actual tracking time. The high percentage 
indicates that data recovery was very good for this period. 
Pass 16 through pass 30. The Deep Space Station 
performances were, in most cases, within an average of 
+2.O-dBm range of the predicted down-link receiver 
signal-strength values. 
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The up-link signal strength for channel 6 had an 
average maximum of -121 dBm for 10-kW ground- 
transmitter power. The engineering data processed by 
the TCP had an assigned up-link value of -153 dBm 
for one-way passes. This value was consequently 
neglected in computing the total average up-link signal 
strength. 
Actual minutes tracked were 24,263 as compared with 
24,214 min scheduled; as a result, the actual tracking 
time was greater than the scheduled time by 49 min. 
The ground transmitter was on for 21,023 min. Because 
most passes involved direct station transfers (handovers), 
the somewhat low transmitter-on time indicated is 
accountable. Normally, a station transfer requires that 
the incoming station acquire in the three-way mode, 
and maintain that configuration for % h. The transferring 
process is then undertaken. In general, the transfer- 
ring station stays in the three-way mode for % h after 
transfer, and terminates tracking immediately afterwards. 
On the average, therefore, the transmitter is off for a 
total of 1 h during those passes involving transfer to and 
from a station. In addition, special data-point-acquisition 
tests cause periodic transmitter on and off intervals when 
acquisition on both channels is attempted. When DSS 12 
performed such tests during this period, DSS 62 turned 
off its transmitter 2 h before the end of track in prepa- 
ration for the test by DSS 12. Acquisition on channel 7 
was accomplished by DSS 12; the transmitter was then 
turned off for approximately 10 min to enable preparation 
for channel 6 acquisition. 
Receiver one-, two-, and three-way lock was main- 
tained for 24,241 min. This time represents 99.9% of the 
actual tracking time. The high percentage indicates that 
data recovery was very good for this period. Good data 
were received for 92.74% of actual tracking time. 
Pass 31 through pass 45. The Deep Space Station 
performances were, in most cases, within an average of 
t2.O-dBm range of the predicted down-link receiver 
signal-strength values. 
The up-link signal strength for channel 6 had an 
average maximum of -122 dBm for 10-kW ground- 
transmitter power. The engineering data processed by 
the TCP had an assigned up-link value of -153 dBm €or 
one-way passes. This value was consequently neglected 
in computing the total average up-link signal strength. 
Actual minutes tracked were 24,142 as compared with 
24,299 min scheduled; as a result, the actual tracking time 
was less than the scheduled time by 157 min. The most 
distinguishing factor attributing to the discrepancy is 
that, on pass 33, DSS 62 terminated actual track 2% h 
before the scheduled end of track to provide support for 
Lunar Orbiter E .  
The ground transmitter was on for 21,476 min or 88.9% 
of actual track time. Because most passes involved 
direct station transfers (handovers), the somewhat low 
transmitter-on time indicated is accountable. Normally, 
a station transfer requires that the incoming station 
acquire three-way lock, and maintain that configuration 
for approximately % h. The transferring process is then 
undertaken. In general, the transferring (outgoing) station 
stays in three-way lock for approximately Vz h after 
transfer, and terminates tracking immediately thereafter. 
On the average, therefore, the transmitter is off for a 
total of 1 h during those passes involving transfer to 
and from a station. 
Receiver one-, two-, and three-way lock was main- 
tained for 24,139 min, which is 3 min less than actual 
tracking time. This time represents 99.9% of the actual 
tracking time. The high percentage indicates that data 
recovery was excellent for this period. 
Pass 46 through pass 79. The Deep Space Station 
performances were, in most cases, within an average 
range of k2.0 dBm of the predicted down-link receiver 
signal-strength values. 
The up-link signal strength for channel 6 had an 
average maximum of -122 dBm for 10-kW ground- 
transmitter power. The engineering data processed by 
the TCP had an assigned up-link value of -153 dBm 
for one-way passes. This value was consequently neglec- 
ted in computing the total average up-link signal 
strength. 
Pass 80 through pass 110. See Table 57 for the down- 
link receiver signal strength recorded for each pass by 
the Deep Space Stations. The signal-strength values are 
plotted in Fig. 65 to graphically illustrate the character- 
istic trends (if any) of individual station performances. 
The predicted down-link signal-strength curve is shown 
superimposed over the actual down-link signal-strength 
values to establish the accuracy of the predictions. Fig- 
ure 65 indicates that, with the exception of DSS 11, all 
stations seem to have been consistent with their own 
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Fig. 65. Down-link signal strength vs time, pass 80 through pass 110 
DAY OF YEAR (1968) 
Fig. 66. Predicted vs actual down-link signal strength, pass 11 1 through pass 140 
signal-strength performances. According to the values 
plotted in this figure, the values recorded for DSS 11 
deviate-at times substantially-between consecutive 
passes. It is suspected that the pretrack calibration pro- 
cedures performed at DSS 11 might have been somewhat 
different from those taken at the other Deep Space 
Stations. 
The up-link signal-strength values recorded on the 
engineering telemetry printout are listed in Table 57, 
along with the corresponding transmitter power appli- 
cable to each signal-strength value. The engineering data 
processed by the TCP had an assigned up-link value of 
-153 dBm for one-way passes. The assigned up-link 
value of -153 dBm is of no consequence and, there- 
fore, is not listed for one-way passes. 
Pass 111 through pass 140. See Table 57 for the down- 
link receiver signal strength recorded for each pass by the 
Deep Space Stations. The signal-strength values are plot- 
ted in Fig. 66 to graphically illustrate characteristic 
trends (if any) of individual station performances. The 
predicted down-link signal-strength curve is shown super- 
imposed over the actual down-link signal-strength values 
to establish the accuracy of the predictions. Figure 66 
indicates that the trend of the true data points is actcally 
sloping downward, as predicted. However, near the end 
of the period, the predicted curve descends at a slightly 
faster rate than the actual values. 
The up-link signal-strength values recorded on the 
engineering telemetry printout are listed in Table 57, 
along with the corresponding transmitter power appli- 
cable to each signal-strength value. The engineering data 
processed by the TCP had an assigned up-link value 
of -153 dBm for one-way passes. The assigned up-link 
value of -153 dBm is of no consequence and, therefore, 
is not listed for one-way passes. 
2Q2 
Pass 1 4  through pass 171. See Table 57 for the down- 
link receiver signal strength recorded for each pass by 
the Deep Space Stations. The signal-strength values are 
plotted in Fig. 67 to graphically illustrate the character- 
istic trends (if any) of individual station performances. 
The predicted down-link signal-strength curve is shown 
superimposed over the actual down-link signal-strength 
values to show the accuracy of the predictions. Figure 67 
indicates that DSS 61 signal-strength values are very 
optimal-stronger than the expected signal levels. It 
should be noted that the antennas at DSSs 11 and 61 have 
linear-to-circular polarization. The antenna at DSS 42 
did not yet have this capability. The data points plotted 
for DSS 11 lie about 1.5 dB below the expected value. 
The signal-strength performance of a station is considered 
self-consistent only if these values lie within 1 dB on 
succeeding passes. The signal-strength values at DSSs 11 
and 61 apparently did not meet this condition; conse- 
quently, the operation engineering group initiated an 
investigation of the possible cause. Indications were that 
the fault lay in the manner in which the pretrack cali- 
brations were taken at these stations. Values recorded 
from the different stations should be within 1.5 dB of 
each other for good performance. The DSS 42 signal- 
strength performance for this period was good. 
The up-link signal-strength values recorded on the 
engineering telemetry printout are listed in Table 57, 
along with the corresponding transmitter power appli- 
cable to each signal-strength value. The engineering data 
processed by the TCP had an assigned up-link value of 
-153 dBm for one-way passes. The assigned up-link 
value of -153 dBm is of no consequence and, there- 
fore, is not listed for one-way passes. 
The telemetry, RF, and command summary for 
Pioneer VZZZ is given in Table 57. The column headings 
in this table are as follows: 
(1) Day: 1968 day number; if day crosses 0000 GMT, 
both day numbers are given (e.g., 096/097). 
(2) Station: number of Deep Space Station tracking. 
(3) Pass: applicable pass number (or number of times 
spacecraft has passed over station). 
(4) Monitor Start (GMT): time at which data monitor 
began. 
(5)  Monitor Stop (GMT): time at which data monitor 
ended. 
(6) TX Power (KW): power setting of ground trans- 
mitter. 
(7) Uplink SS : average up-link signal-strength value, 
dBm. 
DAY OF YEAR (1968) 
own-link signal strength vs time, pass 141 through pass 171 
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(8) Downlink S S  : average down-link signal-strength 
value, dBm. 
(9) RX Number: applicable receiver (1 or 2) used for 
tracking. 
(10) PER/BR: average parity error rate over applicable 
telemetry mode (8, 16, 64, 256, or 512 bits/s) of 
spacecraft. 
(11) Frame To Buff: number of telemetry frames re- 
quested to go to computer buffer. 
(12) Frame Rc'ed: number of telemetry frames actually 
received at computer buffer. 
(13) Frame %: percentage of number of telemetry 
frames received over number requested. 
(14) TK Data %: percentage of good tracking data 
received. 
(15) CMD TXed: total number of commands transmitted 
(16) Remarks: significant events, anomalies, etc. (any- 
- 
per pass. 
thing affecting data quality). 
Table 58. Pioneer Vlll sc I 
tracking ~~~~ 
c. Tracking performance. The tracking data perfor- 
mance is a summary by passes of all good tracking data 
available for Pioneer VIZZ trajectory analysis and orbit 
determination. 
Launch through pass 15. The total number of minutes 
of good data obtained by the Deep Space Stations from 
launch through pass 15 is 27,570 (Table 58). 
Pass 16 through pass 30. The total number of minutes 
of good data obtained by the Deep Space Stations from 
pass 16 through pass 30 is 22,503 (see Table 58). 
Pass 31 through pass 45. The total number of minutes 
of good data obtained by the Deep Space Stations from 
pass 31 through pass 45 is 21,950 (see Table 58). This 
figure constitutes 90.9% of the total actual tracking time. 
Pass 46 through p s  79. The total number of good 
tracking samples obtained by the Deep Space Stations 
from pass 46 through pass 79 is 77,764. Most of these 
tracking points were taken at a sample rate of 60 s, 
some at 10 s, and a few at 1 s. The total number of 
tracking samples recorded for this period was 81,230, 
which means that good data were obtained for 95.73% 
of the total amount of data recovered. It should be noted 
that the tracking data taken in record-only passes con- 
stitute no part in the value of the above figures. 
Overall performance 
Passes 1 through 15 
Scheduled 
Actual 
Transmitter on 
Receiver in lock (one- and two-way) 
Goad tracking data 
FR-1400 in lock 
TCP in lock 
Demodulator in lock 
Passes 16 through 30 
Scheduled 
Actual 
Transmitter on 
Receiver in lack (one-, two-, and three-way) 
Good tracking data 
FR-1400 in lock 
TCP in lock 
Demodulator in lock 
Passes 31 through 45 
Scheduled 
Actual 
Transmitter on 
Receiver in lock (one-, two-, and three-wa) 
Good tracking data 
FR-1400 in lack 
TCP in lock 
Demodulator in lock 
Minuter 
29,621 
29,603 
2 1,083 
29,467 
27,570 
29,467 
29,265 
29,467 
24,2 14 
24,263 
21,023 
24,241 
22,503 
24,241 
24,241 
24,241 
24,299 
24,142 
2 1,476 
24,139 
21,950 
24,139 
24,129 
24,139 
Bercenfage 
100.0 
99.93 
71.21' 
99.54' 
99.54' 
99.548 
93.1 3' 
98.85' 
100.0 
100.2 
86.64' 
99.90' 
92.74' 
99.90' 
99.90' 
99.90' 
100.0 
99.3 
88.9' 
99.9' 
90.9' 
99.9' 
99.9* 
99.9' 
*The indicated percentages are calculated with the actual time used as reference. 
Pass 80 through pass 110. Tracking was performed per 
specification at a 60-s sample rate until meridian cross- 
ing. After meridian crossing (358 deg < HA < 001 deg), 
the Deep Space Stations were requested to take 12 min 
(approximately) of 1-s data at least once a week. 
Figure 68 plots the percentage of good tracking data 
received per pass by the individual stations. It should be 
noted that a greater percentage of good tracking data 
was recovered at the beginning of the period. Tracking 
was done on channel 6 during the first part of March; 
acquisitions on both channels 6 and 7 were performed 
later in the month, thereby accounting for the larger 
amount of bad tracking data. Overall, good tracking 
data were obtained for 84.58% of the total actual track- 
ing time. 
R ~ ~ ~ U ~  33-426, V 
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Fig. 68. Percentage of good tracking data vs time, pass 80 through pass 110 
Fig. 69. Percentage of good tracking data vs time, pass 1 1  1 through pass 140 
Pass 111 through pass 140. Tracking was performed 
per specification at a 60-s sample rate at all times; at 
least once a week, each two-way station was required to 
go to a 1-s sample rate at meridian crossing (358 deg 
5 HA 5 001 deg). The two-way stations were requested 
to take 12 min (approximately) of 1-s data. 
Figure 69 plots the percentage of good tracking data 
received per pass by the individual stations. As reported, 
the overall percentage of good tracking data obtained in 
April was very high-higher than the March percentage. 
Acquisition tests performed on channels 6 and 7 to deter- 
mine the best-lock frequency for each channel were 
frequent during this period. Several tests on channels 6 
and 7 were undertaken by DSSs 11, 61, and 62 (DSS 42 
performed the data-acquisition tests on channel 6 only). 
Results of frequency tests enabled the generation of 
better predicts, thereby increasing the amount of good 
data received during this period. Overall, good tracking 
data were obtained for 92.83% of the actual tracking 
time. In contrast, the percentage for the previous period 
was 84.58%. It should be noted that reduction of one- 
way passes is not given in this presentation. 
A low percentage of good tracking data was re- 
ceived on pass 121 at DSS 11. The TDH was reading 
out a bad data condition code when the data were in 
effect good. If the data had been considered bad, the 
percentage of good data would have been 76%; how- 
ever, because the data can be considered good, the 
percentage of good data increases to 95.74%. 
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Pass 141 through pass 171. Tracking was performed 
per specification at a 60-s sample rate at all times; at 
least once a week, each two-way station was required 
to go to a 1-s sample rate at meridian crossing (358 deg 
< H A 5 0 0 1  deg). At that time, the stations were re- 
quested to take approximately 12 min of 1-s data. 
Figure 70 plots the percentage of good tracking data 
received per pass by the individual stations. Except for 
three instances, the percentage of good data obtained 
was very high in all cases. The three instances in which 
the amount of good data received was somewhat lower 
than the monthly overall average are discussed below. 
The overall percentage of good data obtained for this 
period was 92.82%, which indicates that a large amount 
of good tracking data was obtained during this period 
by the Deep Space Stations. 
The following formulates two methods of percentage 
computations : 
DSN percentage = 100 X 
total samples recorded - (total good DCC’l samples - garbled good DCC samples) 
total samples recorded 
total usable samples 
= total samples recorded 
total minutes of good tracking data 
total minutes of tracking 
SDAl2 percentage = 100 X 
Therefore, the DSN percentage is a point (sample) 
percentage and the SDA percentage is a time percentage. 
d.  Telemetry performance. 
Launch through pass 15. The quality of real-time 
telemetry is indicated by the PER printout on the engi- 
neering telemetry data sheet. A PER of 0.116 is equiva- 
lent to 1 error in 1000 consecutive bits of information, 
and is regarded as the threshold value. 
The telemetry bit-rate mode was constant at 512 bits/s. 
It should be noted that error rates diminish in signifi- 
cance as the time of recording becomes greater from the 
time of spacecraft maximum elevation. The desired sit- 
uation is achieved when the time of recordings is bounded 
by a limit of - ~ 3  h from maximum elevation time. The 
average monthly PER for the combined stations was 
0.003 for this report period. 
The percentage performance for the analog tape re- 
corder (FR-1400), TCP, and GOE demodulator was 
itemized above (see Table 58). The operation of the pre- 
ceding subsystems indicates that the FR-1400 recorders 
were functioning normally throughout the receiver in-lock 
periods at all stations. On pass 3 at DSS 62, various 
spurious interruptions were experienced at different por- 
“DCC = data condition code. 
“SDA = systems data analysis. 
tions of the pass. Another problem was that the station, 
while in three-way track, was not informed that the 
bit-rate mode was changed from 512 to 16 bits/s. The 
TCP was out of lock for a total of 130 min during pass 3. 
On pass 9 at DSS 12, the TCP failed twice, and was 
taken off line temporarily; 72 min of lost data resulted. 
Consequently, the TCP was out of lock for 98.85% of 
actual tracking time for this report period (see Table 58). 
Figure 71 is a plot of the spacecraft receiver tempera- 
tures vs time from launch. This graph shows the initial 
temperature to be 78°F for both of the Pioneer VlIZ 
receivers. This temperature was maintained by receiver 1 
for 90 min after liftoff. Receiver 2 had a temperature 
change at L f 8 5  min. Both receiver temperature curves 
eventually sloped downward. At L+270 min, the dif- 
ference between the two temperatures was 2°F. For 
purposes of comparison, the temperatures of both 
Pioneer VI1 receivers are also plotted. 
Pass 16 through pass 30. The telemetry bit-rate mode 
was constant at 512 bits/s. The average PER for the 
combined stations was 0.0006 for this report period. 
The percentage performance for the FR-1400 recorder, 
TCP, and GOE demodulator was itemized above (see 
Table 58). The operation of the preceding subsystems 
indicates that the FR-1400 recorders were functioning 
normally throughout the receiver in-lock periods at all 
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stations. The TCP and the GOE demodulator were in 
lock for 99.90% of actual tracking time for this report 
period (see Table 58). There were no anomalies. 
Pass 31 through pass 45. The telemetry bit-rate mode 
was constant at 512 bits/s. The average PER for the 
combined stations was 0.0006 for this report period. 
The percentage performance for the FR-1400 recorder, 
TCP, and GOE demodulator was itemized above (see 
Table 58). The operation of the preceding subsystems 
indicates that the FR-1400 recorders were functioning 
normally throughout the receiver in-lock periods at all 
stations. The GOE demodulator did not experience any 
malfunctions. A commercial-power malfunction caused 
the digital instrumentation system and TCP at DSS 12 
to lose its programs on pass 45. The TCP was down for 
10 min. (See Table 58 for individual performance per- 
centages of these subsystems.) 
Pass 46 through pass 79. The telemetry bit-rate mode 
was constant at 512 bits/s. The average PER for the 
combined stations was 0.0002 for this report period. 
The performance of the FR-1400 recorder, TCP, and 
GOE demodulator is subject to the same limitations with 
respect to accuracy as the posttrack reports, station 
mission logs, and network controller logs. These print- 
outs indicate that no FR-1400 or GOE demodulator 
failures were experienced during this period. The TCP 
outages were confined to a total loss of 20 min of data. 
Pass 80 through pass 110. The PERs for this period, 
along with their applicable bit-rate modes, are graphi- 
cally presented in Fig. 72. The telemetry bit-rate mode 
was predominantly 512 bits/s, but was at both 512 and 
256 bits/s toward the end of this reporting period. The 
PER at DSS 11 (see Fig. 72) was generally higher than 
the PER at DSS 62. The path traced by the DSS 11 PER 
values seems to be reconstructed by the DSS 62 FER 
values 6 days or so later. The reason that the DSS 11 
values are high is that this station sent the RF signal to 
the GOE at DSS 12 via microwave for processing. The 
extra signal transmission from DSS 11 to DSS 12 intro- 
duced additional noise, thereby degrading the telemetry 
quality and yielding a higher PER. 
The performance of the FR-1400 recorder, TCP, and 
GOE demodulator is based on the following assumptions: 
the TCP performance is based on the ratio of the number 
of telemetry frames received to the number of frames 
requested; the GOE demodulator and FR-1400 recorder 
are functioning normally. If there should be a malfunc- 
tion, a TFR would be written. Anomalies resulting in 
no loss of data are of minor importance in evaluating 
data performance. 
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Pass 111 through pass 140. The PERs, along with their 
applicable bit-rate modes, are graphically presented in 
Figs. 73 through 75 according to bit-rate mode. The PERs 
for DSSs 11 and 61 were generally higher than those for 
DSS 62. The reason for the digerence is that the RF 
signal received at DSSs 11 and 61 is sent via microwave 
to DSSs 12 and 62 for processing by the GOE. The extra 
signal transmission introduced additional noise, thereby 
degrading the telemetry quality and yielding a higher 
PER. 
Investigation of the PER plots in Figs, 73 through 75 
indicates that several PERs seem to be rather inconsis- 
tent with the remainder of the data points. Such is the 
case for all of the DSS 11 PER points occurring before 
day 98. From day 98 to the end of this report period, 
all of the DSS 11 PER points are linearly coherent except 
the value received on day 101. The reason for this is 
that DSS 11 started to use its polarizer on day 98, and 
continued to use it (except on day 101) until the termi- 
nation of this report period. On day 101, the polarizer 
was not used; therefore, an abnormal (inconsistent) value 
resulted. 
Deep Space Station 62 started using its polarizer in 
tracking for the first time on day 101, and continued to 
use the polarizer through the end of this report period. 
The dispersal of the PER value points is not totally 
uniform; nevertheless, no great irregularity is indicated. 
If the polarizer had been used on days 92, 93, and 97, 
the PERs received on those days (see Fig. 74) would 
probably have decreased appreciably in value. A drop 
in the numerical value of the PER is equivalent to an 
improvement in the telemetry quality. 
Pass 141 through pass 171. The PERs, along with their 
applicable bit-rate modes, are graphically presented in 
Figs. 76 and 77 according to bit-rate mode. These figures 
also illustrate that all stations recorded nominal values 
at,the telemetry bit-rate mode of 64 bits/s; however, the 
few values recorded at 256 bits/s were generally high. 
Tracking at 256 bits/s normally yields a higher PER 
because of the range of the spacecraft. (It is anticipated 
that tracking at this higher bit-rate mode will be dis- 
continued.) 
e. Command performance. 
Launch through pass 15. The total number of com- 
mands sent during this report period was 368. During 
DSS 14 tracking, the commands were generated at DSS 
12 and sent via a microwave link to DSS 14 for 
transmission to the spacecraft. 
Pass 16 through pass 30. The total number of com- 
mands sent during this report period was 117. During 
DSS 14 tracking, the commands were generated at 
DSS 12 and sent via a microwave link to DSS 14 for 
transmission to the spacecraft. The cumulative total of 
commands transmitted from the time of launch was 485. 
Pass 31 through pass 45. The total number of com- 
mands sent during this report period was 103. During 
DSS 14 tracking, the commands were generated at 
DSS 12 and sent via a microwave link to DSS 14 for 
transmission to the spacecraft. The cumulative total of 
commands transmitted from the time of launch was 588. 
Pass 46 through pass 79. The total number of com- 
mands sent during this report period was 245. During 
DSS 11 or 14 tracking, the commands were generated at 
DSS 12 and sent via microwave link to DSS 11 or 14 
for transmission to the spacecraft. The cumulative total 
of commands transmitted from the time of launch 
was 833. 
Pass 80 through pass 110. The total number of com- 
mands sent during this report period was 345. During 
DSS 11 or 14 tracking, the commands were generated at 
DSS 12 and sent via microwave link to DSS 11 or 14 
for transmission to the spacecraft. The cumulative total 
of commands transmitted from the time of launch was 
1178. 
Pass 111 through pass 140. The total number of com- 
mands sent during this report period was 263. During 
DSS 11 or 61 tracking, the commands were generated 
at DSS 12 or 62 and sent via microwave link to DSS 11 
or 61 (as applicable) for transmission to the spacecraft. 
The cumulative total of commands transmitted from the 
time of launch was 1441. 
Pass 141 through pass 171. The total number of com- 
mands sent during this report period was 229. During 
DSS 11 or 61 tracking, the commands were generated 
at DSS 12 or 62 and sent via microwave link to DSS 11 
or 61 (as applicable) for transmission to the spacecraft. 
The cumulative total of commands transmitted from the 
time of launch was 1670. 
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